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© (54) Title: FLUORINATED-PHOTOINITIATORS IN DUAL CURE RESINS 

(57) Abstract: The present invention relates to a process for the preparation of scratch-resistant coatings by dual cure of composi- 
^ tions comprising surface active benzoyl compounds wherein at least one non-polar fluorinated alkyl group is present. The invention 
also relates to a process for concentrating these surface-active photoinitiators in the surface of coatings, to novel surface active ben- 
zoyl compounds wherein at least one non-polar fluorinated alkyl group is present, to compositions wherein the novel surface active 
fluorinated photoinitiators are present, and to a method for improving the flow of a curable composition on substrates. 
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Fluorinated Ph otoinitiators in Dual Cure Resins 

The present invention relates to a process for the preparation of scratch-resistant coatings 
by dual cure of compositions wherein surface active fluorinated photoinitiators are present. 

The invention also relates to a process for concentrating a surface-active photoinitiator in the 
surface of coatings, to novel surface active fluorinated photoinitiators, compositions wherein 
the novel surface active fluorinated photoinitiators are present, and to a method for improv- 
ing the flow of a curable composition on substrates. 

The cure of polymer coatings by exposure to ultraviolet (UV) radiation offers certain advan- 
tages of speed, cost effectiveness and avoidance of the need of solvents. Photocurable 
coating compositions are usually comprised of three components: polymerizable monomers, 
a photoinitiator and optionally additives, such as pigments. 

WO 93/12150 discloses surface active benzoyl compounds wherein at least one non-polar 
fluorinated alkyl group is present and their use as photoinitiators in UV-curable polymer 
compositions. An example of these surface active benzoyl compounds is represented by the 
formula 



wherein the non-polar fluorinated alky! group is located in 4-position of the phenyl ring. 
WO 93/12150 also discloses other photoinitiator molecules wherein the fluorinated alkyl 
group is present in different positions of the benzoyl moiety, e.g. in a position a- or p- to the 
carbonyl group In the aliphatic side chain. In the alternative, two non-polar fluorinated alkyl 
groups may also be present, e.g. in 4-position of the phenyl ring and in the aliphatic side 
chain. 

Despite its wide use, certain disadvantages of UV-curing technology are known. According 
to Concise Encyclopedia of Polymer Science and Engineering (J. I. Kroschwitz Editor), John 
Wiley & Sons 1990, ISBN 0-471 -51 253-2, cf. the entry "photopolymerization" on page 727: 
"Limitations of UV-curing technology include the utilization of oddly shaped substrates and 
the curing of opaque coatings. Weatherability or durability requires special consideration, 
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since conventional light stabilizers tend to Interfere with the UV-curing process. Latent stabi- 
lizers that are activated by light absorption may alleviate this problem". 

In order to overcome these problems and to lower emissions, save energy and to obtain etch 
and mar resistant clearcoats, the coating industry is exploring new curing and/or application 
technologies. A proposed route as disclosed in the US. Patent Specification 5,922,473 con- 
sists of a combination of thermosetting coating with UV-cure. The UV-cure may take place 
before, during or after thermal curing ("dual cure"). In order to improve the mechanical 
properties of the coatings against mechanical impacts, such as scratching, dual cure 
technology is now a preferred method in coating technology. There is an increasing need for 
suitable photoinitiators useful for the dual cure of polymer compositions. 

Surprisingly it has been found that surface active benzoyl compounds wherein at least one 
non-polar fiuorinated alkyl group is present, are useful in the dual cure of polymer composi- 
tions. The fiuorinated alkyl group can be present at different positions in the 
benzoylmolecule, thus distinguishing between embodiment 1, embodiment 2 and 
embodiment 3. The concentration of these photoinitiators is increased at the surface in top 
layers of coatings which improves their mechanical properties. 

The present invention relates to a process for the preparation of coatings which is 
characterized in that a composition comprising 

a) at least one polymerization initiator of the formula 




wherein in embodiment (1 ) 

X represents the terminal groups R a O or R a R b N-; and one or two of 

Ri - Rs represent substituents selected from the group consisting of Rc-, R c -Y-, 
R C -Y-(CH 2 ) X -, R C -(CH 2 ) X -Y-, Rc-Y-(CH 2 ) y -0-, R c -Y-(CH 2 ) y -S- and 
R c -Y-(CH 2 )y-NRa-; and the other R t - R 5 represent hydrogen or substituents 
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selected from the group consisting of d-C 4 aikyl, hydroxy, hydroxy-C 2 -C 4 alkyl, 
CrC 4 aikoxy, hydroxy-C 2 -C 4 alkoxy, halogen, amino and di-Ci-C 4 aikylamino; or 
wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of Rc-Y r , 

Rc-(CH 2 ) X -Y r> R c -Y-(CH 2 ) y -0- and R c -Y-(CH 2 ) y -NR 8 -; and 

Ri - R s represent hydrogen or substituents selected from the group consisting of 
C r C 4 alkyl, hydroxy, hydroxy-C r C 4 alkyl, C r C 4 alkoxy, hydroxy-C 2 -C 4 alkoxy, 
halogen, amino and di-C r C 4 alkylamino; or 

wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of Rc-Y r , 

Rc-(CH 2 ) X -Y r , R c -Y-(CH 2 ) y -0- and R c -Y-(CH 2 ) y -NR 8 s and one or two of 

Ri - R 5 represent substituents selected from the group consisting of R c -, R c -Y-, 
Rc-Y-(CH 2 ) X -, R C -(CH 2 ) X -Y-, Rc-Y-fCH.VO-, R c -Y-(CH 2 ) y -S- and 
R c -Y-(CH 2 ) y -NR 8 -;and the other - R 5 represent hydrogen or substituents 
selected from the group consisting of C r C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, 
C r C 4 alkoxy, hydroxy-C 2 C 4 alkoxy, halogen, amino and di-C r C 4 alkylamino; and 

wherein in embodiment (1), (2) and (3) 

R 6 and R 7 independently of one another represent C r C 12 alkyl, C 2 -C 8 alkenyl, 

C r C 8 cycloalkyl or phenyl-C r C 3 alkyl; or R 6 and R 7 together represent 
C 2 -C 8 alkylene, C 3 -C 9 oxaalkylene or C 3 -C 9 -azaalkylene; 

R a and R b independently of one another represent hydrogen, C r C 12 alkyl or C^Cealkenyl; or 
R a and R b together represent C 4 -C 5 alkylene and together with the nitrogen atom 
to which they are bonded form a 5- or 6-membered ring, which may be 
interrupted by -O- or by -N-R 8 -; 

R c represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q -, wherein 

Z represents -H or -F; one of p and q represents a numeral from zero to twenty 
and the other one a numeral from one to twenty; 

x represents a numeral from one to ten; 

y represents a numeral from two to ten; 

Y represents a bivalent substituent selected from the group consisting of -0-, -S-, 

-NR 8 -, -C(=0)-0-, -OC(=0)-, -Si(R 9 ) 2 -, -Si(R 9 ) 2 -0-. -0-Si(R 9 ) 2 -0- and 
-0-Si(R 9 ) 2 -(CH 2 ) x -; 
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Y, represents a bivalent substituent selected from the group consisting of -0-, 

-NR 8 -, -0-C(=0)-, -0-Si(R 9 ) 2l -0-Si(R 9 ) 2 -0- and -0-Si(R 9 ) 2 -(CH 2 ) x -; 

R 8 represents -H or C r C 12 alkyl; and 

R 9 represents d-C 12 alkyl or phenyl; 

and 

b) polymerizable, ethylenicaily unsaturated compounds; and, optionally, as further compo- 
nents; a thermally crosslinkable compound; and/or further additives; and/or additional 
photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain combined with prior, simultaneous or 
subsequent thermal treatment 

Within the context of the description of the present invention, the general expressions and 
terms recited herein-above and below preferably are defined as follows: 

The term coating defines layers of polymerisates applied to suitable substrates, such as met- 
als, glass, ceramics, wood, paper, plastics, textiles or others. 

The term composition defines any homogeneous or heterogeneous mixture which is appli- 
cable to a suitable support or substrate. The composition comprises as components 

a) at least one polymerization initiator of the formula (I); and 

b) polymerizable, ethylenicaily unsaturated compounds; and, optionally, as further compo- 
nents; 

c) thermally crosslinkable compound; and/or 

d) further additives; and/or 

e) additional photoinitiators. 

Component a^ Polymerization initiators 

The formula I comprises within its scope of the definitions of Ri - R 5 and the terminal group 
-X three distinct structural embodiments of polymerization initiators: 
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According to the embodiment (1), the terminal group X is short chained. At least one non- 
polar group is a substituent of the phenyl ring of the polymerization initiator (I), preferably in 
4-position (para). 

According to the embodiment (2), the terminal group X is non-polar. R, - R 5 in the polymeri- 
zation initiator (I) represent hydrogen or short chained substituents. 

According to the embodiment (3), the terminal group X is non-polar. At least one additional 
non-polar group is a substituent of the phenyl ring of the polymerization initiator (I), prefera- 
bly in 4-position (para). 

According to the embodiment (1), X represents the terminal groups R a O- or R a R b N-. 

In these terminal groups R a and R b independently of one another represent hydrogen, C r 
C 12 alkyl or Ca-Csalkenyl; or 

R a and R b together also represent C 4 -C 5 all<ylene and together with the nitrogen atom to 
which they are bonded form a 5- or 6-membered heterocycle which may be interrupted by 
the additional heteroatom -O- or the group -N-R 8 -, e.g. R a and R b together form a morpholin- 
yl, piperidinyl or piperazinyl ring. 

Preferred terminal groups X are, for example, hydroxy, di-C^alkylamino, e.g. 
dimethylamino or diethylamino, or morpholinyl. 

According to the embodiment (1), one or two of - R 5 represent substituents selected from 
the group consisting of R,-, Rc-Y-, Rc-Y-fCH^-, Rc-(CH 2 ) X -Y-, Rc-Y-(CH 2 VO-, R c -Y-(CH 2 ) y -S- 
and Rc-Y-(CH 2 ) y -NR8-. 

Rc represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q -, 
wherein 

2 represents -H or -F; 

one of p and q represents a numeral from zero to twenty and the other one a numeral 
from one to twenty; 

Preferred groups R 0 contain 3-18 carbon atoms and the maximum number or fluorine sub- 
stituents (perfluoroalkyl) and are linear (attachment in 1 -position), e.g. heptafluoropropyl, 
nonafluorobutyl, undecafluoropentyl, tridecafluorohexyl, pentadecafluoroheptyl, heptade- 
cafluorooctyl or nonadecafluorononyl. 
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Y in the combined groups R c -Y-, R C -Y-(CH 2 ) X -, R C -(CH 2 ) X ~Y-, R c -Y-(CH 2 ) y -0-, R c -Y-(CH 2 ) y -S- 
and R c -Y-(CH 2 )y-NR8- preferably represents a bivalent substituent selected from the group 
consisting of -O-, -S-, -NR 8 -, -C(=0)-0-, -0-C(=0)-, -Si(R 9 ) 2 -, -Si(R 9 ) 2 -0-, -0-Si(R 9 ) 2 -0- and 
-0-Si(R 9 ) 2 -(CH 2 ) x -. 

y^ in the combined groups present in the terminal groups R c -Y r and Rc-(CH 2 )x-Y r preferably 
represents a bivalent substituent selected from the group consisting of -0-, -NR 8 -, 
-C(=0)-O, -0-Si(R 9 ) 2 -, -0-Si(R 9 ) 2 -0- and -0-Si(R 9 ) 2 -(CH 2 ) x -. 

In these combined groups R 8 represents -H or C r C 12 alkyl, preferably C r C 4 -alkyl, e.g. methyl 
or ethyl. 

R 9 substituting the silicon atom represents C r C 8 alkyl or phenyl, e.g. methyl, ethyl or phenyl. 

The bivalent substituent Y and Yi in the combined group R c -Y- is preferably -0-, -S-, - 
-0-C(=0)- and -0-Si(R 9 )r(CH 2 ) J r; 

The combined group Rc-Y- preferably is 1-heptafluoropropoxy, 1-nonafluorobutoxy, 
1-undecafluoropentyloxy, 1-tridecafluorohexyloxy, 1-pentadecafluoroheptyloxy or 
1-nonadecafluorononyloxy or the corresponding thio group, e.g. 1-heptafluoropropylthio, 
1-nonafluorobutylthio, 1-undecafluoropentylthio, 1-tridecafluorohexylthio, 1-pentadeca- 
fluoroheptylthio or 1-nonadecafluorononylthio or the acyloxy group of a perfluorinated linear 
C 3 -C 18 alkylcarbonic acid, e.g. heptafluorobutanoyloxy, nonafluoropentanoyloxy, undeca- 
fluorohexanoyloxy, tridecafluoroheptanoyloxy, pentadecafluoro-octanoyloxy, 
heptadecafluorononoyloxy or nonadecafluorodecanoyloxy. 

The combined group R c -jYr preferably is 1-heptafluoropropoxy, 1-nonafluorobutoxy, 
1-undecafluoropentyloxy, 1-tridecafluorohexyloxy, 1-pentadecafluoroheptyloxy or 
1-nonadecafluorononyloxy, or the acyloxy group of a perfluorinated linear C3-C 18 alkyl- 
carbonic acid, e.g. heptafluorobutanoyloxy, nonafluoropentanoyloxy, undecafluorohexan- 
oyloxy, tridecafluoroheptanoyloxy, pentadecafluorooctanoyloxy, heptadecafluorononoyloxy or 
nonadecafluorodecanoyloxy. 

In the combined group R C -Y-(CH 2 ) X - the index x preferably represents a numeral from one to 
four and Rc preferably contains 3-12 carbon atoms and the maximum number of fluorine 
atoms. Such combined groups are, for example, 1-heptafluoropropoxymethyl, 2-(1-hepta- 
fIuoropropoxy)-ethyl, 1-nonafluorobutoxymethyl, 2-(1-nonafluorobutoxy)-ethyl, 1-undeca- 
fluoropentyloxymethyl or 2-(1-undecafluoropentyloxy)-ethyl or the corresponding thio deriva- 
tives, e.g. 1-heptafluoropropylthiomethyl, 2-(1-heptafluoropropylthio)-ethyl, 1-nonafluoro- 
butylthiomethyl, 2-(1-nonafluorobutylthio)-ethyl, 1-undecafluoropentylthiomethyl or 2-(1- 
undecafluoropentylthio)-ethyl. 
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ln the combined group R C -(CH 2 ) X -Y- the index x preferably represents a numeral from one to 
four and R c preferably contains 3-12 carbon atoms and the maximum number of fluorine 
atoms. Such groups are, for example, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pentedecafluorononyloxy, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10- 
heptadecafluorodecyloxy, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-nonadecafluoroundecyl- 
oxy or 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1 1 ,1 1 ,12,12,12-heneicosafluorododecyloxy or the 
corresponding thio derivatives, e.g. 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctylthio, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pentadecafluorononylthio, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10- 
heptadecafluorodecylthio, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1 1,11,11 -nonadecafluoroundecyl- 
thio or3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-heneicosafluorododecylthio. 

In the combined group Rc-(CH 2 ) X -Y r the index x preferably represents a numeral from one to 
four and R c preferably contains 3-12 carbon atoms and the maximum number or fluorine 
atoms. Such groups are, for example, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyloxy, 
3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pentadecafluorononyloxy, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10- 
heptadecafluorodecyloxy, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1 1 ,1 1 ,1 1 -nonadecafluoroundecyl- 
oxyor3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-heneicosafluorododecyloxy. 

In the combined group R 0 -Y-(CH 2 )yO- the index y preferably represents a numeral from two 
to four, Y is preferably -O- and Rc is preferably the acyl group of a perfluorinated linear 
C 3 -C 18 alkylcarbonic acid, e.g. heptafluorobutanoyl, nonafluoropentanoyl, undecafluoro- 
hexanoyl, tridecafiuoroheptanoyl, pentadecafluorooctanoyl or heptadecafluorononoyl. Such 
groups are, for example, 2-heptafluorobutanoyloxyethoxy, 2-nonafluoropentanoyloxyethoxy, 
2-undecafluorohexanoyloxyethoxy, 2-tridecafluoroheptanoyloxyethoxy, 2-pentadeca- 
fluorooctanoyloxyethoxy or 2-heptadecaf luorononoyloxyethoxy. 

Another embodiment relates to the combined groups R c -Y-, R c -Y r and R c -Y-(CH 2 )jrO-, 
wherein the index y preferably represents a numeral from two to four and Y and Y, represent 
a bivalent silyl group. The bivalent silyl group in Y is selected from the group consisting of 
-Si(R 9 ) 2 -, -Si(R 9 )2-0- f -0-Si(R 9 ) 2 -0- and -OSi(R 9 ) 2 -(CH 2 ) x -. The bivalent silyl group in Y, is 
selected from the group consisting of -0-Si(R 9 ) a , -0-Si(R 9 ) 2 -0- and -0-Si(R 9 ) 2 -(CH 2 ) x -. R 9 
preferably represents methyl, ethyl or phenyl. Rc is,, for example, tridecafluorohexyl, penta- 
decafluoroheptyl, heptadecafluorooctyl, nonadecafluorononyl or heneicosafluorodecyl. Such 
groups are, for example 2-[(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)-dimethylsilyl- 
oxy]-ethoxy,2-[(3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pentadecafluorononyl)-dimethylsilyloxy]-ethoxy, 
2-[(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl)-dimethylsilyloxy]-ethoxy,2- 
[(3,3,4,4,5,5,6,6,7,7,8,8,9,9,1 0,1 0,1 1,11,11 -nonadecafluoroundecyl)-dimethylsilyloxy]-ethoxy, 
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or 2-1(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11 ,11 J2,12J2-heneicosafluorododecyl)-dimethylsilyl- 
oxy]-ethoxy. 

The structure of the combined groups R c -Y-(CH 2 ) y -S- and Rc-Y-(CH 2 ) y -NR 8 - is analogous to 
the combined group R c -Y-(CH 2 ) y -0-, wherein R c , the index y and -Y- are as defined above. 
R 8 is preferably C r C 4 -alkyl, e.g. methyl or ethyl. 

In the polymerization initiator (I) the other - R 5 represent hydrogen or substituents se- 
lected from the group consisting of CrC 4 alkyl, i.e. methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl or tert.-butyl, hydroxy, hydroxy-C 2 -C 4 alkyl, e.g. 2-hydroxyethyl, CrC 4 alkoxy, e.g. 
methoxy or ethoxy, hydroxy-C 2 -C 4 alkoxy, e.g. 2-hydroxyethoxy, halogen, e.g. fluoro, chloro 
or bromo, amino and di-C n -C 4 alkylamino, e.g. dimethylamino or diethylamino. 

According to the alternative embodiment (2), the terminal group X in the polymerization 
initiator (I) is selected from the group consisting of Rc-Yr, R c -(CH 2 ) X -Y ri R c -Y-(CH 2 ) y -0- and 
R c -Y-(CH 2 ) y -NR 8 -, particularly a terminal group selected from the group consisting of Rc-Yr, 
R c -(CH 2 ) X -Yr and R c -Y-(CH 2 ) y -0-. These combined groups are analogous to the corre- 
sponding groups defined above with regard to the embodiment (1). The definitions of Rc, Y 1f 
Y, x and y are also analogous. 

According to the embodiment (2), - R 5 in the polymerization initiator (I) represent hydro- 
gen or substituents selected from the group consisting of CrC 4 alkyl, i.e. methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl or teit-butyl, hydroxy, hydroxy-C 2 -C 4 alkyl, e.g.2-hydroxy- 
ethyl, CrC 4 alkoxy, e.g. methoxy or ethoxy, hydroxy-C 2 -C 4 alkoxy, e.g. 2-hydroxyethoxy, 
halogen, e.g. chloro or bromo, amino and di-CrC 4 alkylamino, e.g. dimethylamino or 
diethylamino. 

According to the alternative embodiment (3), the terminal group X in the polymerization 
initiator (I) is selected from the group consisting of R c -Y r , Rc-(CH 2 ) X -Y r , R c -Y-(CH 2 ) y -0- and 
R c -Y-(CH 2 ) y -NR 8 -, particularly a terminal group selected from the group consisting of R c -Yi-, 
Rc-(CH 2 ) X -Y r and R c -Y-(CH 2 ) y -0-. These combined groups are analogous to the corre- 
sponding groups defined above with regard to embodiment (1). The definitions of R c , Y 1f Y, x 
and y are also analogous. 

According to the embodiment (3), one or two of R t - R 5 represent substituents selected from 
the group consisting of R c - t R c -Y-, Rc-Y-(CH 2 ) X -, R C -(CH 2 ) X -Y-, R c -Y-(CH 2 )y-0-, R C -Y-(CH 2 VS- 
and R c -Y-(CH 2 )y-NRa-. These combined groups are analogous to the corresponding groups 
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defined above with regard to embodiment (1). The definitions of R C) Y, x and y are also 
analogous. 

The other R, - R 5 represent hydrogen or substituents selected from the group consisting of 
C,-C 4 alkyl, i.e. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tort-butyl, hydroxy, hy- 
droxy-C 2 -C 4 alkyl, e.g. 2-hydroxyethyl, C r C 4 alkoxy, e.g. methoxy or ethoxy, hydroxy- 
C2-C 4 alkoxy, e.g. 2-hydroxyethoxy, halogen, e.g. chloro or bromo, amino and di-C,-C 4 alkyl- 
amino, e.g. dimethylamino or diethylamino. 

According to the embodiments (1), (2) and (3), R 6 and R 7 are, for example, C r C 4 alkyl, espe- 
cially methyl. Preferably R 6 and R 7 are methyl or together are C 3 -C 8 alkylene; in particular, 
together with the carbon atom to which they are bonded they form a cyclohexyl ring, or R 6 is 
C,-C 4 alkyl, especially ethyl, and R 7 is allyl or benzyl. 

R 6 and R 7 are preferably identical, especially Ci-C 4 alkyl, especially methyl or ethyl. 

The compounds of formula I can be prepared in analogy to the process described in 
WO 93/12150. 

A number of compounds of the formula I are novel and are also subject matter of the present 
invention. 

The polymerization initiators (I), have the uniform concept in common that they are present 
as component a) in the composition defined above. They are used according to the process 
of the present invention in the curing of free-radically polymerizable systems by a combina- 
tion of thermal and UV-crosslinking processes ("dual cure"). It is intended to concentrate the 
photoihitiator at the surface of the composition to achieve a good surface cure. This is 
provided with suitable photoinitiators of the formula I. In certain cases it may be 
advantageous to use mixtures of two or more of the photoinitiators of the formula I; for 
example it may be advantageous to use mixtures formed directly during their preparation. 

According to the process of the invention, improved surface properties are obtained by using 
the photoinitiators in compositions cured by a combination of thermosetting coating with 
UV-cure ("dual cure"). 

Component b) 

Polymerizable. ethvlenicallv unsaturat ed compounds contain one or more olefinic double 
bonds. They may be of low molecular weight (monomeric) or higher molecular weight 
(oligomeric). Examples of monomers having one double bond are alkyl and hydroxyalkyl 
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acrylates and methacrylates, such as methyl, ethyl, butyl, 2-ethylhexyl and 2-hydroxyethyl 
acrylate, isobornyl acrylate and methyl and ethyl methacrylate. Further examples thereof are 
acrylonitrile, acrylamide, methacrylamide, N-substituted (meth)acrylamides, vinyl esters, 
such as vinyl acetate, vinyl ethers, such as isobutyl vinyl ether, styrene, alkyl- and halo-sty- 
renes, N-vinylpyrrolidone, vinyl chloride and vinylidene chloride. 

Examples of monomers having more than one double bonds are ethylene glycol diacrylate, 
propylene glycol diacrylate, neopentyl glycol diacrylate, hexamethylene glycol diacrylate and 
bisphenol A diacrylate, 4,4 , -bis(2-acryloyloxyethoxy)diphenylpropane, trimethylolpropane tri- 
acrylate, pentaerythritol triacrylate or tetraacetate, vinyl acrylate, divinyl benzene, divinyl 
succinate, diallyl phthalate, triallyl phosphate, triallyl isocyanurate and tris(2-acryloyiethyl) 
isocyanurate. 

Examples of higher molecular weight (oligomeric) ethylenically unsaturated compounds are 
acrylated epoxy resins, acrylated or vinyl-ether- or epoxy-group-containing polyesters, poly- 
urethanes and polyethers. Further examples of these unsaturated oligomers are unsaturated 
polyester resins, which are obtainable from maleic acid, phthaiic acid and one or more diols. 
These oligomers have molecular weights of approximately from 500 to 3000. Vinyl ether 
monomers and oligomers, and maleate-terminated oligomers having polyester, polyure- 
thane, polyether, polyvinyl ether and epoxy main chains can also be used. In particular, 
combinations of vinyl-ether-group-carrying oligomers and polymers, as described in 
WO 90/01512, are suitable. Also suitable are copolymers of monomers functionalized with 
vinyl ether and maleic acid. Such unsaturated oligomers can also be referred to as prepoly- 
mers. 

Functionalized acrylates are also suitable. Examples of suitable monomers forming the back- 
bone (the base polymer) of such functionalized acrylate and methacrylate polymers are, for 
example, acrylate, methacrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, n- 
butyl acrylate, n-butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, 2-ethylhexyl 
acrylate, 2-ethylhexyl methacrylate, etc.. In addition, suitable amounts of functional mono- 
mers are copolymerized during the polymerization so as to obtain the functional polymers. 
Acid-functionalized acrylate or methacrylate polymers are obtained using acid-functional 
monomers, such as acrylic acid and methacrylic acid. Hydroxy-functional acrylate or meth- 
acrylate polymers are produced from hydroxy-functional monomers, such as 2-hydroxyethyl 
methacrylate, 2-hydroxypropyl methacrylate and 3,4-dihydroxybutyl methacrylate. Epoxy- 
functionalized acrylate or methacrylate polymers are obtained using epoxy-functional mono- 
mers, such as glycidyl methacrylate, 2,3-epoxybutyl methacrylate, 3,4-epoxybutyl methacry- 
late, 2,3-epoxycyclohexyl methacrylate, 10,11-epoxyundecyl methacrylate, etc.. It is also 
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possible to prepare isocyanate-functionalized polymers from isbcyanate-functionalized 
monomers, such as meta-isopropenyl-a,a-dimethylbenzyl isocyanate. 

Especially suitable are, for example, esters of ethylenically unsaturated mono- or poly-func- 
tional carboxylic acids and polyols or polyepoxides, and polymers having ethylenically un- 
saturated groups in the chain or in side groups, such as unsaturated polyesters, poly-amides 
and polyurethanes and copolymers thereof, alkyd resins, polybutadiene and butadiene co- 
polymers, polyisoprene and isoprene copolymers, polymers and copolymers having (meth)- 
acrylic groups in side chains, and mixtures of one or more such polymers- 
Examples of suitable mono- or poiy-functional unsaturated carboxylic acids are acrylic acid, 
methacrylic acid, crotonic acid, itaconic acid, cinnamic acid, maleic acid and fumaric acid 
and unsaturated fatty acids, such as linolenic acid or oleic acid. Preference is given to acrylic 
acid and methacrylic acid. 

Saturated di- or poly-carboxylic acids in admixture with unsaturated carboxylic acids may, 
however, also be used. Examples of suitable saturated di- or poly-carboxylic acids include, 
for example, tetrachlorophthalic acid, tetrabromophthalic acid, phthalic acid anhydride, adipic 
acid, tetrahydrophthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, heptanedi- 
carboxylic acid, sebacic acid, dodecanedicarboxylic acid, hexahydrophthalic acid, etc.. 

Suitable polyols are aromatic and especially aliphatic and cycloaliphatic polyols. Examples of 
aromatic polyols are hydnoquinone, 4,4 , -dihydroxydiphenyl, 2,2-di(4-hydroxyphenyl)-propane, 
novolaks and resoles. Examples of polyepoxides are those based on the polyols mentioned, 
especially aromatic polyols and epichlorohydrin. Also suitable as polyols are polymers and 
copolymers containing hydroxyl groups in the polymer chain or in side groups, such as poly- 
vinyl alcohol and copolymers thereof or polymethacrylic acid hydroxyalkyl esters or copoly- 
mers thereof. Further suitable polyols are oligoesters having hydroxyl terminal groups. 

Examples of aliphatic and cycloaliphatic polyols are alkylenediols having preferably from 2 to 
12 carbon atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4-butane- 
diol, pentanediol, hexanediol, octanediol, dodecanediol, diethylene glycol, Methylene glycol, 
polyethylene glycols having molecular weights of preferably from 200 to 1500, 1 ,3-cyclo- 
pentanediol, 1,2-, 1,3- or 1 ,4-cyclohexanediol, 1 ,4-dihydroxymethylcyclohexane, glycerol, 
tris(p-hydroxy-ethyl)amine, trimethylolethane, trimethylolpropane, pentaerythritol, dipenta- 
erythritol and sorbitol. 

The polyols may be partially or fully esterified by one or by different unsaturated carboxylic 
acid(s), it is possible for the free hydroxyl groups in partial esters to have been modified, for 
example etherified, or esterified with other carboxylic acids. 
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Examples of these esters are: trimethylolpropane triacrylate, trimethylolethane triacrylate, 
trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, tetramethylene glycol 
dimethacrylate, tri-ethylene glycol dimethacrylate, tetraethylene glycol diacrylate, penta- 
erythritol diacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol 
diacrylate, dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pen- 
taacrylate, dipentaerythritol hexaacrylate, tripentaerythritol octaacrylate, pentaerythritol di- 
methacrylate, pentaerythritol trimethacrylate, dipentaerythritol dimethacrylate, dipenta- 
erythritol tetra-methacrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate, 
dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol hexaitaco- 
nate, ethylene glycol diacrylate, 1 ,3-butanediol diacrylate, 1 ,3-butanediol dimethacrylate, 
1,4-butanedioI diitaconate, sorbitol triacrylate, sorbitol tetraacrylate, pentaerythritpl-modified 
triacrylate, sorbitol tetramethacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate, oligoester 
acrylates and fhethacrylates, glycerol di- and tri-acrylate, 1,4-cyclohexane diacrylate, 
bisacrylates and bismethacrylates of polyethylene glycol having a molecular weight of from 
200 to 1500 and mixtures thereof. 

Suitable polvmerizable. ethylenically unsaturated compounds are also the amides of identical 
or different unsaturated carboxylic acids and aromatic, cycloaliphatic and aliphatic poly- 
amines having preferably from 2 to 6, especially from 2 to 4, amino groups. Examples of 
such polyamines are ethylenediamine, 1,2- or 1,3-propyIenediamine, 1,2-, 1,3- or 1,4- 
butylenediamine, 1 ,5-pentylenediamine, i,6-hexylenediamine f octylenediamine, 
dodecyienediamine, 1 ,4-diaminocyclohexane, isophoronediamine, phenylenediamine, 
bisphenylenediamine, di-p-aminoethyl ether, diethylenetri-amine, triethylenetetraamine and 
di(p-aminoethoxy)- or di(P-aminopropoxy)ethane. Further suitable polyamines are polymers 
and copolymers which may have additional amino groups in the side chain and oligoamides 
having amino terminal groups. Examples of such unsaturated amides are: methylene 
bisacrylamide, 1,6-hexamethylene bisacrylamide, diethylenetrfamine trismethacrylamide, 
bis(methacrylamidopropoxy)ethane, p-methacrylamidoethyl methacrylate and N-[((J- 
hydroxyethoxy)ethyl]-acrylamide. 

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid 
and diols or diamines. The maleic acid may have been partially replaced by other dicarbox- 
ylic acids. They can be used together with ethylenically unsaturated comonomers, for exam- 
ple styrene. The polyesters and polyamides can also be derived from dicarboxylic acids and 
ethylenically unsaturated diols or diamines, especially from those having longer chains of, for 
example, from 6 to 20 carbon atoms. Examples of polyurethanes are those composed of 
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saturated diisocyanates and unsaturated diols, or unsaturated diisocyanates and saturated 
diols. 

Polybutadiene and polyisoprene and copolymers thereof are known. Suitable comonomers 
include, for example, olefins, such as ethylene, propene, butene, hexene, (meth)acrylates, 
acrylonitrile, styrene and vinyl chloride. Polymers having (meth)acrylate groups in the side 
chain are also known. They may be, for example, reaction products of novolak-based epoxy 
resins with (meth)acrylic acid; homo- or co-polymers of vinyl alcohol or hydroxyalkyl deriva- 
tives thereof that have been esterified with (meth)acrylic acid; or homo- and co-polymers of 
(meth)acrylates that have been esterified with hydroxyalkyl (meth)acrylates. 

Suitable PQlvmerizable. ethvlenlcaiiv u nsaturated comnnnnris m ay also comprise monomeric 
and/or oligomeric compounds having ethylenically unsaturated bonds (prepolymers) that 
additionally contain at least one or more OH, NH 2 , COOH, epoxy or NCO groups. Of 
particular interest are, for example, unsaturated acrylates having reactive functional groups. 
The reactive functional group may be selected, for example, from a hydroxy, thiol, 
isocyanate, epoxy, anhydride, carboxy, amino or blocked amino group. Examples of OH- 
group-containing unsaturated acrylates are hydroxyethyl and hydroxybutyl acrylates and also 
glycidyl acrylates. 

The unsaturated compounds may also be used in admixture with non-photopolymerizable 
film-forming components. These may be, for example, polymers that can be dried physically 
or solutions thereof in organic solvents, such as nitrocellulose or cellulose acetobutyrate. 
They may alternatively be chemically or thermally curable resins, such as polyisocyanates, 
polyepoxides or melamine resins. The concomitant use of thermally curable resins is impor- 
tant for use in so-called hybrid systems which are both photopolymerized and thermally 
crosslinked. 



The polymerizable, ethylenically unsaturated compounds are present in the composition as 
single components or in any desired mixtures. Preference is given to mixtures of 
polyol(meth)acrylates. 
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In a specific embodiment of the invention the polymerizable, ethylenicaliy unsaturated 
compounds may, for example, be a composition of ethylenicaliy unsaturated compounds 
comprising 

b0 compounds having one or more free-radically polymerizable double bonds that addition- 
ally contain at least one further functional group that is reactive in terms of an addition and/or 
condensation reaction (examples are given above); 

b 2 ) compounds having one or more free-radically polymerizable double bonds that addition- 
ally contain at least one further functional group that is reactive in terms of an addition and/or 
condensation reaction, the additional reactive functional group being complementary or re- 
active towards the additional reactive functional groups of component fy); 

b 3 ) optionally at least one monomeric, oligomeric and/or polymeric compound having at least 
one functional group that is reactive in terms of an addition and/or condensation reaction to- 
wards the functional groups of component bi) or component b 2 ) that are present in addition 
to the free-radically polymerizable double bonds. 

Component b 2 ) in each case carries the groups complementary or reactive towards compo- 
nent bi). Different types of functional groups may also be present in a component. Compo- 
nent b 3 ) provides a further, component that contains functional groups that are reactive in 
terms of an addition and/or condensation reaction and that are able to react with the func- 
tional groups of bi) or b 2 ) that are present in addition to the free-radically polymerizable dou- 
ble bonds. Component b 3 ) contains no free-radically polymerizable double bonds. 

Examples of such combinations b^, b 2 ), b 3 ) can be found in WO 99/55785. 

Examples of suitable reactive functional groups are selected, for example, from hydroxy, 
isocyanate, epoxy, anhydride, carboxy and blocked amino groups. Examples have been de- 
scribed above. 

Additional Components 

The curable composition according to the process of the present invention may comprise the 
following additional components: 

c) thermally crosslinkable compound; and/or 

d) further additives; and/or 

e) additional photoinitiators. 
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If the composition does not contain any thermally crosslinkable compound as definded under 
c) it is necessary, in order to obtain a dual curable system, that the polymerizabie, 
ethylenically unsaturated compounds is a mixture of monomeric and/or oligomeric 
compounds having ethylenically unsaturated bonds (prepolymers) that additionally contain at 
least one or more OH, SH, NH 2 , COOH, epoxy or NCO groups. 

According to a preferred embodiment of the invention at least one thermally crosslinkable 
compound which may contain additional ethylenically unsaturated functionalities is present 
as component c) in the curable composition. 

A preferred embodiment of the invention relates to a process which is characterized in that 
the composition comprises as further component 

c) at least one thermally crosslinkable compound which may contain additional ethylenically 
unsaturated functionalities; 

and the curing is carried out by irradiation with electromagnetic radiation of a wavelength 
from about 200 nm up to the IR domain combined with prior, simultaneous or subsequent 
thermal treatment. 

Constituents of component c) are, for example, thermally curable lacquer or coating system 
constituents customary in the art. Component c) may consist of individual or a composition 
of different constituents. 

Component c) is, for example, generally a film-forming binder based on a thermoplastic or 
thermocurable resin, predominantly on a thermocurable resin. Examples thereof are alkyd, 
acrylic, polyester, phenol, melamine, epoxy and polyurethane resins and mixtures thereof. 
Examples thereof are described, for example, in Ullmann's Encyclopedia of Industrial 
Chemistry, 5th Ed., Vol. A18, Paints and Coatings, pp. 368-426, VCH, DE-Weinheim 1991. 

Component c) may also be a cold-curable or hot-curable binder, with the optional addition of 
a curing catalyst. Suitable catalysts that accelerate the fyll cure of the binder are described, 
for example, in Ullmann's Encyclopedia of Industrial Chemistry, Vol. A18, recited above, on 
page 469. 

The amount of binder may be, for example, from 5 to 95% by weight, preferably from 10 to 
90% by weight and especially from 40 to 90% by weight, based on the total amount of solids 
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present in the composition. The binder will be selected according to the field of use and the 
properties required therefor, such as developability in aqueous and organic solvent systems, 
adhesion to substrates and sensitivity to oxygen. 

Suitable binders are, for example, polymers having a molecular weight of approximately from 
5000 to 2 000 000, preferably from 10 000 to 1 000 000. 

Examples of component c) are, for example, oligomers and/or polymers derived from (^-un- 
saturated acids and derivatives thereof, for example polyacrylates and polymethacrylates, 
polymethyl methacrylates impact-resistant-modified with butyl acrylate, polyacrylamides and 
polyacrylonitriles. Further examples of component c) are urethanes, polyurethanes derived 
from either 

• polyethers, polyesters and polyacrylates having free hydroxy! groups; or 

• aliphatic or aromatic polyisocyanates, and pre-products thereof. 

Component c), accordingly, also includes, for example, crosslinkable acrylic resins derived 
from substituted acrylic acid esters, for example epoxy acrylates, urethane acrylates and po- 
lyester acrylates. Alkyd resins, polyester resins and acrylate resins and modifications thereof 
that are crosslinked with melamine resins, urea resins, isocyanates, isocyanurates, 
polyisocyanates, polyisocyanurates and epoxy resins, may also be a constituent of compo- 
nent c). 

Examples of specific binders suitable as component c) are: 

1) surface-coatings based on cold- or hot-crosslinkable alkyd, acrylate, polyester, epoxy or 
melamine resins or mixtures of such resins, optionally with the addition of a curing cata- 
lyst; 

2) two-component polyurethane surface-coatings based on hydroxyl-group-containing acry- 
late, polyester or polyether resins and aliphatic or aromatic isocyanates, isocyanurates or 
polyisocyanates; 

3) one-component polyurethane surface-coatings based on blocked isocyanates, isocyanu- 
rates or polyisocyanates, which are de-blocked during staving; it is also possible to add 
melamine resins as appropriate; 

4) one-component polyurethane surface-coatings based on aliphatic or aromatic urethanes 
or polyurethanes and hydroxyl-group-containing acrylate, polyester or polyether resins; 

5) one-component polyurethane surface-coatings based on aliphatic or aromatic urethane 
acrylates or polyurethane acrylates having free amine groups in the urethane structure 
and melamine resins or polyether resins, optionally with the addition of a curing catalyst; 
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6) two-component surface-coatings based on (poly)ketimines and aliphatic or aromatic iso- 
cyanates, isocyanurates or polyisocyanates; 

7) two-component surface-coatings based on (poly)ketimines and an unsaturated acrylate 
resin or a polyacetoacetate resin or a methacrylamidoglycolate methyl ester; 

8) two-component surface-coatings based on carboxyl- or amino-group-containing polyacry- 
lates and polyepoxides; 

9) two-component surface-coatings based on anhydride-group-containing acrylate resins 
and a polyhydroxy or polyamino component; 

10) two-component surface-coatings based on acrylate-containing anhydrides and 
polyepoxides; 

11) two-component surface-coatings based on (poly)oxazolines and anhydride-group-con- 
taining acrylate resins or unsaturated acrylate resins or aliphatic or aromatic isocyanates, 
isocyanurates or polyisocyanates; 

12) two-component surface-coatings based on unsaturated polyacrylates and polyma- 
lonates; 

13) thermoplastic polyacrylate surface-coatings based on thermoplastic acrylate resins or 
extrinsically crosslinking acrylate resins in combination with etherified melamine resins; 

14) surface-coating systems based on urethane (meth)acrylate having (meth)acryloyl groups 
and free isocyanate groups and on one or more compounds that react with isocyanates, 
for example free or esterified polyols. Such systems have been published, for example, in 
EP-A-928800. 

A preferred group of binders consists of homo- and co-polymers of acrylates and methacry- 
lates, for example copolymers of methyl methacrylate/ethyl acrylate/methacrylic acid, 
poly(methacrylic acid alkyl esters), poly(acrylic acid alkyl esters); cellulose esters and ethers, 
such as cellulose acetate, cellulose acetate butyrate, methyl cellulose, ethyl cellulose; poly- 
vinyl butyral, polyvinylformal, cyclized rubber, poiyethers, such as polyethylene oxide, poly- 
propylene oxide, polytetrahydrofuran; polystyrene, polycarbonate, polyurethane, chlorinated 
polyolefins, polyvinyl chloride, copolymers of vinyl chloride/vinylidene chloride, copolymers of 
vinylidene chloride with acrylonitrile, methyl methacrylate and vinyl acetate, polyvinyl acetate, 
copoly(ethylene/vinyl acetate), polymers, such as polycaprolactam and poly(hexamethylene- 
adipamide), polyesters, such as polyethylene glycol terephthalate) and poly(hexamethylene 
glycol succinate). 
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Blocked isocyanates may also be used in component c). These are described, for example, 
in Organischer Metallschutz: Entwicklung und Anwendung von Beschichtungsstoffen, Vin- 
centz Verlag, DE-Hannover (1993), pages 159-160. These are compounds in which the 
highly reactive NCO group is "blocked" by reaction with specific radicals, for example pri- 
mary alcohols, phenol, acetoacetic ester, e-caprolactam, phthalimide, imidazole, oxime or 
amine. The blocked isocyanate is stable in liquid systems and also in the presence of hy- 
droxy groups. Upon heating, the blocking agent is removed again and the NCO group is 
freed. 

1 -Component (1C) and 2-component systems (2C) may be used as component c). 
Examples of such systems are described in Ullmann's Encyclopedia of Industrial Chemistry, 
Vol. A18, loc. cit, pages 404-407. 

It is possible to optimize the composition by specially adapting the composition, for example 
by varying the binder/crosslinking agent ratio. Such measures will be known to the person 
skilled in the art of surface-coating technology. 

In the curing process according to the invention, component c) is preferably a mixture based 
on acrylate/melamine (and melamine derivatives), 2-component poiyurethane, 1 -component 
polyurethane, 2-component epoxy/carboxy or 1 -component epoxy/carboxy. Mixtures of those 
systems are also possible, for example the addition of melamine (or derivatives thereof) to 1- 
component polyurethanes. 

Component c) is preferably a binder based on a polyacrylate with melamine or on a mela- 
mine derivative. Preference is also given to a system based on a polyacrylate and/or poly- 
ester polyol with an unblocked polyisocyanate or polyisocyanurate. 

Component c) may also comprise monomelic and/or oligomeric compounds having ethyleni- 
cally unsaturated bonds (prepolymers) that additionally contain at least one or more OH, 
NH 2 , COOH, epoxy or NCO groups (= Ci) that are capable of a reaction with the binder 
and/or the crosslinking agent constituent of component c). After application and thermal 
curing, the ethylenically unsaturated bonds are converted to a crosslinked, high molecular 
weight form by UV-radiation. Examples of such components c) are described, for example, 
in the above-mentioned reference book, Ullmann's Encyclopedia of Industrial Chemistry, Vol. 
A18, recited above, on pages 451-453, or in S. Urano, K. Aoki, N. Tsuboniva and Ft. Mi- 
zuguchi, Progress in Organic Coatings, 20 (1992), 471-486, or H. Terashima andO. Isozaki, 
JOCCA 1992 (6), 222. 

Component d) may, for example, be an OH-group-containing unsaturated acrylate, for ex- 
ample hydroxyethyl or hydroxybutyl acrylate or a glycidyl acrylate. Component ci) may be of 
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any desired structure (for example it may contain units of polyester, poiyacrylate, polyether, 
etc), provided that it contains an ethylenically unsaturated double bond and additionally free 
OH, COOH, NH 2 , epoxy or NCO groups. 

Component C,) may, for example, also be obtained by reacting an epoxy-functional oligomer 
with acrylic acid or methacrylic acid. A typical example of an OH-functional oligomer having 
vinylic double bonds is 

f ^ CH 3 <j> H O 

ch2=ch-c-och 2 — ch-cKj-o— r ^c-v' ^o^h 2 -ch-ch 2 o-c-ch=ch2 obtained by reaction 

CHg 

O f . CHg , . 0 

of CH 2 =CHCOOH with HaC-^-^^W^ y-o^-CH-CH, , 

CHg X — ' 

Another possible method of preparing component cO is, for example, the reaction of an oli- 
gomer that contains only one epoxy group and has a free OH group at another position in 
the molecule. 

A preferred embodiment of the invention relates to a process which is characterized in that 
the thermally crosslinkable compound c) is a binder based on a composition of a poiyacryl- 
ate with melamine or a melamine derivative, or a composition based on a poiyacrylate polyol 
and a polyester polyol with an unblocked polyisocyanate or polyisocyanurate or a polyester 
polyol with an unblocked polyisocyanate or polyisocyanurate. 

The curable composition according to the process of the present invention may comprise 
various additives d) in addition to the components recited above. Examples thereof are 
thermal inhibitors, the purpose of which is to prevent premature polymerization, for example 
2,2,6,6-tetramethyl-4-hydroxy-piperidin-1-oxyl (4-hydroxy-TEMPO) and derivatives thereof, 
e.g. bis(2,2,6,6-tetramethylpiperidin-l : oxyl-4-yl)-decanedioate or polyalkyl-piperidine-N-oxyi 
radicals, 3-aryl-benzofuran-2-one and derivatives thereof, e.g. 5,7-di-tert-butyl-3-phenyl-3H- 
benzofuran-2-one, hydroquinone, hydroquinone derivatives, p-methoxyphenol, p-naphthol 
and sterically hindered phenols, for example 2,6-di(tert-butyl)-p-cresol. In order to increase 
stability to dark storage, it is possible, for example, to use copper compounds, such as cop- 
per naphthenate, stearate or octanoate, phosphorus compounds, for example triphen- 
ylphosphine, tributylphosphine, triethyl phosphite, triphenyi phosphite or tribenzyl phosphite, 
quaternary ammonium compounds, for example tetramethylammonium chloride or trimethyl- 
benzylammonium chloride, or hydroxylamine derivatives, for example N-diethylhydroxy- 
lamine. In order to exclude atmospheric oxygen during polymerization, it is possible to add 



WO 02/40602 



PCT/EP01/13130 



- 20 - 

paraffin or similar wax-like substances that, being insufficiently soluble in the polymer, mi- 
grate to the surface at the beginning of the polymerization and form a transparent surface 
layer which prevents the ingress of air. Equally possible is the application of an oxygen-im- 
permeable layer. UV-Absorbers, for example of the hydroxyphenyl-benzotriazole, hy- 
droxyphenyl-benzophenone, oxalic acid amide or hydroxyphenyl-s-triazine type, may be 
added as light stabilizers. Individual compounds or mixtures of those compounds may be 
. used with or without the use of sterically hindered amines (HALS). 

Examples of such UV-absorbers and light stabilizers are 

1 . 2-(2'-Hydroxyphenyl)benzotriazoles, for example 2-(2'-hydroxy-5 , -methylphenyl)benzotri- 
azole, 2-(3 , ,5 , -di-tert-butyl-2 , -hydroxyphenyl)benzotriazole, 2-(5 , -tert-butyl-2 , -hydroxy-phe- 
nyl)benzotriazole, 2-(2 , -hydroxy-5 , -(1 ,1 ,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3',5'- 
di-tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole t 2-(3'-tert-butyl-2'-hydroxy-5 , -meth- 
ylphenyl)-5-chloro-benzotriazole ( a-tS'-sec-butyl-S'-tert-butyl^-hydroxyphenyObenzo-tri- 
azole, 2-(2'-hydroxy-4 , -octyloxyphenyl)benzotriazole, 2-(3\5'-di-tert-amyl-2'-hydroxy- 
phenyl)benzotriazole, 2-(3 , ,5 , -bis-(a,a-dimethylbenzyl)-2 , -hydroxyphenyl)benzotriazole ( 
2-(3'-tert-butyl-2'-hydroxy-542-octyloxycarbo 

2-(3 , -tert-butyl-5'-[2-(2-ethylhexyloxy)-carbonylethyl]-2 , -hydroxyphenyl)-5-chloro- 
benzotriazole, 2-(3 , -tert-butyI-2'-hydroxy-5 , -(2-methoxycarbonylethyl)phenyl)-5-chloro- 
benzotriazole, 2-(3 , -tert-butyl-2-hydroxy-5 f -(2-methoxycarbonylethyl)phenyl)benzotriazole l 
2-(3 , -tert-butyl-2 , -hydroxy-5 , -(2-octyloxycarbonyethyl)phenyl)benzotriazole, 2-(3Ltert-butyl- 
5 , -[2-(2-ethylhexyl-oxy)carbonylethyl]-2 , -hydroxyphenyl)benzotriazole, 2-(3'-dodecyl-2'- 
hydroxy-5-methyI-phenyi)benzotriazole, 2-(3 , -tert-butyl-2 , -hydroxy-5'-(2-iso- 
octyloxycarbonylethyl)-phenyl-benzotriazole f 2,2-methylene-bis[4-(1 , 1 ,3,3-tetramethyl- 
butyl)-6-benzotriazol-2-yl-phenol]; the transesterification product of 2-[3 , -tert-butyi-5'-(2- 
methoxycarbonylethyl)-2 , -hydroxyphenyl]-2H-benzotriazole with polyethylene glycol 300; 
[R-CH 2 CH r COO-CH 2 CH 2 ]2- where R = 3 , -tert-butyl-4 , -hydroxy-5 , -2H-benzotriazol-2- 
ylphenyl, 2-[2 , -hydroxy-3 , -(a,a-dimethylbenzyl)-5 , -(l ,1 ,3,3-tetramethylbutyl)-phenyl]benzo- 
triazole; 2-[2'-hydroxy-3'-(1 ,1 ,3,3-tetramethylbutyl)-5'-(a,a-dimethylbenzyl)-phenyl]benzo- 
triazole; 

2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyloxy, 
4-dodecyloxy, 4-benzyloxy, 4,2 , ,4 , -trihydroxy and 2 , -hydroxy-4,4 , -dimethoxy derivatives; 

3. Esters of substituted and unsubstituted benzoic acids, as for example 4-tert-butyl-phenyl 
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butyl- 
benzoyl) resorcinol, benzoyl resorcinol, 2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxy- 
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benzoate, hexadecyl a.S-cli-tert-butyl^-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hy- 
droxybenzoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate; 

4. Acryiates, for example ethyl a-cyano-p,p-diphenylacrylate, isooctyl a-cyano-p,p-diphenyl- 
acrylate, methyl a-methoxycarbonylcinnamate, methyl a-cyano-p-methyl-p-methoxy-cin- 
namate, butyl a-cyano-(S-methyl-p-methoxy-cinnamate, methyl a-methoxycarbonyi-p~ 
methoxycinnamate and N-(p-methoxycarbonyl-p-cyanovinyl)-2-methylindoline; 

5. Sterically hindered amines, for example bis(2,2,6 I 6-tetramethyl-4-piperidyl)sebacate, bis- 
(a^^^-tetramethyl^-piperidyOsuccinate, bis(1,2,2,6 1 6-pentamethyl-4-piperidyl)-seba- 
cate, bis-(1-octyloxy-2,2,6 l 6-tetramethyl-4-piperidyl)sebacate, bis(1 ,2,2,6,6-penta-methyl- 
4-piperidyl)-n-butyl-3 f 5-di-tert-butyl-4-hydroxybenzylmalonate l the condensate of 1-(2-hy- 
droxyethyl)-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, linear or cyclic con- 
densates of N,N'-bis(2,2,6 l 6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tert- 
octylamino^^-dichloro-I.S^-triazine, tris(2,2,6 f 6-tetramethyl-4-piperidyl)nitrilotriacetate, 
tetrakis(2,2,6 J 6-tetramethyl-4-piperidyl)-1 ,2,3,4-butane-tetracarboxylate, 1 ,1'-(1 ,2-ethane- 
diyl)-bis(3 f 3,5,5-tetramethylpiperazinone) J 4-benzoyl-2,2,6,6-tetramethylpiperidine, 
4-stearyl-oxy-2,2,6,6-tetrame%^ 

2-(2-hydroxy-3 I 5-di-tert-butylbenzyl)malonate, S-n-octyl-T^.S^-tetramethyl-I^.S-triaza- 
spiro-[4.5]decane-2,4-dione, bis(1-octyloxy-2 l 2,6,6-tetramethylpiperidyl)sebacate, 
bisCI-octyloxy^^^^-tetramethylpiperidyOsuccinate, linear or cyclic condensates of 
N l N , -bis-(2,2 > 6 I 6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-morpholino-2,6- 
dichloro-1,3,5-triazine, the condensate of 2-chloro-4,6-bis(4-n-butylamino-2,2,6,6-te- 
tramethylpiperidyl)-1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, the condensate 
of 2-chloro-4,6-dl-(4-n-buty^^ and 1,2- 

bis(3-aminopropyl-amino)ethane, S-acetyl-S-dodecyl-T.y^^-tetramethyl-I.S^- 
triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2 I 6,6-tetramethyl-4-piperidyl)pyrrolidine- 
2,5-dione, 3-dodecyM-(1,2,2,6,6-pentame% a mixture 

of 4-hexadecyloxy- and 4-stearyloxy-2,2,6,6-tetramethylpiperidine, a condensation prod- 
uct of N,N , -bis(2,2 l 6,e-tetramethyl-4-piperidyl)hexamethylenediamine and 4- 
cyclohexylamino^.B-dlchloro-I.S^-triazine, a condensation product of 1,2-bis(3- 
aminopropylamino)ethane and 2,4,6-trichloro-1 ,3,5-triazine as well as 4-butylamino- 
2,2,6,6-tetramethylpiperidine (CAS Reg. No. [136504-96-6]); N-(2 1 2,6,6-tetramethyl-4- 
piperidyl)-n-dodecylsuccinimide, N-(1,2,2,6,6-pentamethyl-4-piperidyl)-n-dodecylsuc- 
cinimide, 2-undecyl-7,7,9,9-tetramethyl-1-oxa-3,8-diaza-4-oxo-spiro[4,5]decane, a reac- 
tion product of 7 l 7 t 9,9-tetramethyl-2-cycloundecyl-1-oxa-3,8-diaza-4-oxosplro[4,5]decane 
and epichlorohydrin, 1 ,1 -bis(1 ,2,2,6 l 6-pentamethyI-4-piper-idyloxycarbonyl)-2-(4-meth- 
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oxyphenyl)ethene, N,N , -bis-formyl-N l N , -bis(2,2,6,6-tetra-methyl-4-piperidyl)hexa- 
methylenediamine, diester of 4-methoxy-methylene-malonic acid with 1, 2,2,6, 6-penta- 
methyl-4-hydroxypiperidine, poly[methylpropyl-3-oxy-4-(2,2,6,6-tetramethyl-4-piperid- 
yl)]siloxane, reaction product of maleic acid anhydride-a-olefin-copolymer with 2,2,6,6- 
tetramethyl-4-aminopiperidine or 1 ,2,2,6,6-pentamethyl-4-aminopiperidine; 

6. Oxamides, for example 4,4'-dioctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy- 
5,5'-di-tert-butoxanilide, 2,2 , -didodecyloxy-5,5*-di-tert-butoxanilide, 2-ethoxy-2'-ethyloxani- 
lide, N,N'-bis(3-dimethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2'-ethoxanilide and its 
mixture with 2-ethoxy-2'-ethyl-5,4*-di-tert-bUtoxanilide, mixtures of o- and p-methoxy- 
disubstituted oxanilides and mixtures of o- and p-ethoxy-disubstituted oxanilides; 

7. 2-(2-Hydroxyphenyl)-1,3,5-triazines, for example 2,4,6-tris(2-hydroxy-4-octyloxyphenyl)- 
1 ,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine, 
2-(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4- 
propyloxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)- 
4,6-bis(4-methylphenyl)-1,3,5-triazine,2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-di- 
methylphenyl)-1 ,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethyl- 
phenyl)-1,3,5-triazine,2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-propoxy)phenyl]-4,6-bis(2,4- 
dimethyl)-1 ,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxy-propyloxy)phenyl]-4,6- 
bis(2 > 4-dimethyl)-1,3,5-triazine,2-[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hy- 
droxyphenyl]-4,6-bis(2,4-dimethyl-phenyl)1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-do- 
decyloxy-propoxy)phenyfl-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4- 
hexyloxy)phenyl-4,6-diphenyl-1,3,5-triazine,2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl- 
1 ,3,5-triazine, 2,4,6-tris[2-hydroxy-4-(3-butoxy-2-hydroxy-propoxy)phenyl]-1 ,3,5-triazine, 
2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-6-phenyl-1,3,5-triazine, 2-{2-hydroxy-4-[3-(2- 
ethylhexyl-1-oxy)-2-hydroxypropyloxy]phenyl}-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine; 

8. Phosphites and phosphonites, for example triphenyl phosphite, diphenyl alkyl phosphites, 
phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl 
phosphite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, 
diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaerythritol diphos- 
phite, bis(2,6-di-tert-butyl-4-methylphenyl)-pentaerythritol diphosphite, diisodecyloxy- 
pentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)pentaerythritol diphos- 
phite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristearyl sorbitol triphos- 
phite, tetrakis(2,4-di-tert-butylphenyl) 4,4'-biphenylene diphosphonite, 6-isooctyloxy- 
2,4,8, 1 0-tetra-tert-butyl-12H-dibenz[d,g]-1 ,3,2-dioxaphosphocine, bis(2,4-di-tert-butyl-6- 
methylphenyl) methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenyl) ethyl phosphite, 6- 
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flu°ro-2,4,8,10-tetra-tert-bu^^ 

trilo[triethyltris(3,3 > ,5 I 5'-tetra-tert-butyl-1 ,1 '-biphenyl-2,2'-diyl)phosphite}, 2-ethylhexyl- 

(3 I 3' I 5,5 , -tetra-tert-butyl-1,r-biphenyl-2,2'-diyl)phosphite, 5-butyl-5-ethyl-2-(2,4,6-tri-tert- 
butylphenoxy)-l ,3,2-dioxaphosphirane. 

In order to accelerate the photopolymerization step it is possible to add as further addi- 
tives d) amines, for example triethanolamine, N-methyl-diethanolamine, p-dimethylamino- 
benzoic acid ethyl ester or Miches ketone. The action of the amines can be enhanced by 
the addition of aromatic ketones of the benzophenone type. Amines that can be used as 
oxygen capture agents are, for example, substituted N,N-dialkylanilines, as described in 
EP-A-0 339 841. Further accelerators, co-initiators and auto-oxidizers are thiols, thio ethers, 
disulfides and phosphines, as described, for example, in EP-A-0 438 123 and 
GB-A-2, 180,358. 

It is also possible to add to the compositions chain-transfer reagents customary in the art, 
examples of which are mercaptans, amines and benzothiazole. 

Photopolymerization can also be accelerated by adding as further additives d) photo- 
sensitizers that shift or broaden the spectral sensitivity. These include especially aromatic 
carbonyl compounds, such as benzophenone and thioxanthone, especially also isopropyl- 
thioxanthone, anthraquinone and 3-acylcoumarin derivatives, terphenyls, styryl ketones, and 
3-(aroylmethylene)-thiazolines, camphorquinone, and also eosin, rhodamine and erythrosine 
dyes. 

The above-mentioned amines may, for example, also be regarded as photosensitizers. The 
curing process, especially in the case of pigmented compositions, for example compositions 
pigmented with titanium dioxide, may also be assisted by the use of an additional additive d) 
that is a component that forms free radicals under thermal conditions, for example an azo 
compound, such as 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), a triazene, diazosulfide, 
pentaazadiene or a peroxo compound, such as a hydrogen peroxide or peroxycarbonate, for 
example tert-butyl hydroperoxide, as described, for example, in EP-A-0 245 639. 

The compositions may also comprise as further additives d), for example, a photoreducible 
dye, for example xanthene, benzoxanthene, benzothioxanthene, thiazine, pyronine, porphy- 
rin or acridine dyes, and/or a radiation-cleavable trihalomethyl compound. Similar composi- 
tions are described, for example, in EP-A-0 445 624. 

Further customary additives d) are - depending upon the intended use - optical brighteners, 
fillers, for example kaolin, talcum, barytes, gypsum, chalk or silicate-like fillers, pigments, 
dyes, wetting agents and flow improvers. 
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For the curing of thick and pigmented coatings it is suitable to add glass microbeads or pul- 
verized glass fibers, as described, for example, in US-A-5,01 3,768. 

The composition may also comprise colorants and/or white or colored pigments. Depending 
upon the intended use, both inorganic and organic pigments may be used. Such additives 
are known to the person skilled in the art; some examples thereof are titanium dioxide pig- 
ments, for example of the rutile or anatase type, carbon black, zinc oxide, such as zinc 
white, iron oxides, such as iron oxide yellow, iron oxide red, chromium yellow, chromium 
green, nickel titanium yellow, ultramarine blue, cobalt blue, bismuth vanadate, cadmium yel- 
low and cadmium red. Examples of organic pigments are mono- and bis-azo pigments, and 
metal complexes thereof, phthalocyanine pigments, polycyclic pigments, such as perylene, 
anthraquinone, thioindigo, quinacridone and triphenylmethane pigments, and diketo-pyrrolo- 
pyrrole, isoindolinone, for example tetrachloroisoindolinone, isoindoline, dioxazine, benzimid- 
azolone and quinophthalone pigments. These pigments may be added to the compositions 
individually or in admixture with other components. 

Depending upon the intended use, the pigments are added to the composition in amounts 
customary in the art, for example in an amount of from 1 to 60% by weight, or from 10 to 
30% by weight, based on the total weight, 

The composition may, for example, also comprise organic colorants of a wide variety of 
classes, examples of which are azo dyes, methine dyes, anthraquinone dyes and metal 
complex dyes. Customary concentrations are, for example, from 0.1 to 20%, especially from 
1 to 5%, based on the total weight. 

The composition which is subjected to dual cure may also comprise thermal drying or curing 
catalysts as additional additives d). Examples of thermal drying or curing catalysts are, for 
example, organic metal compounds, amines and/or phosphines. Organic metal compounds 
are, for example, metal carboxylates, especially those of the metals Pb, Mn, Hf, Co, Zn, Zr or 
Cu, or metal chelates, especially those of the metals Hf, Al, Tl or Zr, or organometal com- 
pounds, for example organotin compounds. Examples of metal carboxylates are the stear- 
ates of Pb, Mn or Zn, the octanoates of Co, Zn or Cu, the naphthenates of Mn and Co or the 
corresponding linoleates or tallates. Examples of metal chelates are aluminum, titanium or 
zirconium chelates of acetylacetone, ethyl acetylacetate, salicylaldehyde, salicylaldoxime, o- 
hydroxyacetophenone or ethyl trifluoroacetylacetate and the alkoxides of these metals. Ex- 
amples of organotin compounds are dibutyltin oxide, dibutyltin dilaurate and dibutyltin dioct- 
anoate. Examples of amines are especially tertiary amines, for example tributylamine, trieth- 
anolamine, N-methyl-diethanolamine, N-dimethylethanolamine, N-ethylmorpholine, 
N-methylmorpholine or diazabicyclooctane (triethylenediamine) and salts thereof. Further ex- 
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amples are, for example trlmethylbenzylammonium chloride. Phosphlnes, for example 
triphenylphosphine, can also be used as curing catalysts. Suitable catalysts are also de- 
scribed, for example, in the reference book J. Bielemann, Lackadditive, Wiley-VCH Verlag 
GmbH, DE-Weinheim, 1998, pages 244-247, Examples thereof are carboxylic acids, such as 
p-toluenesulfonic acid, dodecylbenzenesuffonic acid, dinonylnaphthalenesulfonic acid and 
dinonylnaphthalenedisulfonic acid. Latent or blocked sulfonic acids may, for example, also 
be used, it being possible for the blocking of the acid to be ionic or non-ionic. Such catalysts 
are used in concentrations customary in the art and known to the person skilled in the art. 

The choice of the additives recited above will depend upon the field of use in question and 
upon the properties desired for that field. The additives d) described above are customary in 
the art and are accordingly used in amounts customary in the art. 

The curable composition according to the process of the present invention may comprise 
various known photoinitiators e) in addition to the photoinitiators a) and the other compo- 
nents recited above. Examples thereof are mixtures with known photoinitiators, for example 
mixtures with camphorquinone, benzophenone, benzophenone derivatives, acetophenone, 
acetophenone derivatives, such as cc-hydroxycycJoaJkylphenylketones or 2-hydroxy-2-methyl- 
1-phenyl-propanone, dialkoxyacetophenones, a-hydroxy- or a-amino-acetophenones, for 
example (4-methylthiobenzoyl)-1 -methyl-1 -morpholino-ethane, (4-morpholino-benzoyl)-1 - 
benzyl-1-dimethylamino-propane, 4-aroyl-1 ,3-dioxolanes, benzoin alkyl ethers and benzil 
ketals, for example benzil dimethyl ketal, phenyl glyoxalates and derivatives thereof, dimeric 
phenyl glyoxalates, peresters, for example benzophenone tetracarboxylic acid peresters, as 
described, for example, in EP-A-0 126541, monoacylphosphine oxides, for example (2,4,6- 
trimethylbenzoyO-phenyl-phosphine oxide, bisacylphosphine oxides, for example bis(2,6- 
dimethoxybenzoyl)-(2,4,4-trimethyl-pent-1 -yl)phosphine oxide, bis(2,4,6-trimethylbenzoyl)- 
phenyl-phosphine oxide or bis(2,4,6-trimethylbenzoyl)-(2,4-dipentoxyphenyl)phosphine 
oxide, trisacylphosphine oxides, halomethyltriazines, for example 2-{2-(4-methoxy-phenyl)- 
vinyl]-4,6-bis-trichloromethyl-[1,3,5]triazine, 2-(4-methoxy-phenyl)-4,6-bis-trichloromethyl- 
[1 ,3,5]triazine, 2-(3,4-dimethoxy-phenyl)-4,6-bis-trichloro-methyl-[1 ,3,5]triazine, 2-methyl-4,6- 
bis-trichloromethyl-[1 ,3,5]triazine, hexaarylbisimidazole/co-initiator systems, for example 
ortho-chlorohexaphenyl-bisimidazole together with 2-mercaptobenzothiazole, ferrocenium 
compounds or titanocenes, for example dicyclopentadienyl-bis(2,6-difluoro-3-pyrrolo- 
phenyl)titanium or borate photoinitiators. 

The photoinitiators listed above may be used in hybrid systems, that is to say in systems that 
are both free-radically and cationically curable, in addition with further free-radical hardeners 
cationic photoinitiators, for example benzoyl peroxide. Other suitable peroxides are 
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described in US-A-4,950,581 , v. column 19, lines 17-25. Aromatic sulfonium, phosphonium 
or iodonium salts may also be used, such as the ones described, for example, in 
US-A-4,950,581, v. column 18, line 60 to column 19, line 10. 

The photopolymerizable compositions contain the photoinitiators advantageously in an 
amount of from 0.05 to 15% by weight, preferably from 0.1 to 5% by weight, based on the 
composition. The amount of photoinitiator indicated relates to the sum of all the photoinitia- 
tors added when mixtures thereof are used, that is to say either to the photoinitiator a) or to 
the combined photoinitiators a) and e). 

The quantity ratio of the components a) to e) in the UV- and thermally-crosslinking composi- 
tions is not critical. "Dual-cure" systems are known to the person skilled in the art, who will 
therefore be familiar with the optimum ratios of the UV- and thermally-crosslinkable compo- 
nents for a particular desired use. For example, compositions may contain components b) 
and c), for example, in a ratio of from 5 : 95 to 95 : 5, from 20 : 80 to 80 : 20 or from 30 : 70 
to 70 : 30, for example from 40 : 60 to 60 : 40. 

Examples of "dual-cure" systems, that is to say systems comprising both UV-curable and 
thermally curable components, can be found inter alia in US-A-5,922,473, columns 6 to 10. 
It is also possible to add solvent or water to the compositions used in the process according 
to the invention. If the compositions are used without solvent, they are, for example, powder 
coating compositions. 

The powder coating compositions may be based on solid resins and monomers containing 
reactive double bonds, for example maleates, vinyl ethers, acrylates, acrylamides and mix- 
tures thereof. A powder coating composition can be formulated by mixing unsaturated poly- 
ester resins with solid acrylamides (for example methylacrylamidoglycolate methyl ester) and 
a free-radical photoinitiator of the formula I defined above. Powder coating compositions can 
also be formulated by mixing unsaturated polyester resins with solid acrylates, methacrylates 
or vinyl ethers and a photoinitiator (or photoinitiator mixture) according to the invention. The 
powder coating compositions may also comprise binders, as described, for example, in 
DE -A-4 228 514 and EP-A-0 636 669, such as: 

1) an unsaturated resin from the group of (semi)crystalline or amorphous unsaturated poly- 
esters, unsaturated polyacrylates or mixtures thereof with unsaturated polyesters, special 
preference being given to those derived from maleic acid or fumaric acid; 

2) an oligomeric or polymeric crosslinking agent having vinyl ether-, vinyl ester- or 
(meth)acrylate-functional groups, special preference being given to vinyl ether oligomers, 
such as divinyl-ether-functionalized urethanes; and 
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3) the photoinitiator. 

The preparation of the coating is performed by applying the dry or liquid composition, a solu- 
tion or suspension to the substrate. The choice of the solvent and the concentration are gov- 
erned chiefly by the nature of the composition and by the coating method. Suitable solvents 
are known to the person skilled in the art, especially those customary in surface-coating 
technology. The solvent should be inert, that is to say it should not enter into any chemical 
reaction with the components and it should be capable of being removed again upon drying 
after the coating operation. Examples of suitable solvents are ketones, ethers and esters, 
such as methyl ethyl ketone, isobutyl methyl ketone, cyclopentanone, cyclohexanone, N- 
methylpyrrolidone, diethylene glycol monoethyl ether, dipropylene glycol diethyl ether diox- 
ane, tetrahydrofuran, 2-methoxyethanol, 2-ethoxyethanol, 1-methoxy-2-propanol, 1,2-di- 
methoxyethane, ethyl acetate, n-butyl acetate, ethyl 3-ethoxy-propionate, aliphatic hydro- 
carbons, such as hexane, octane, decane; and petroleum solvents, for example petroleum 
ether or aromatic hydrocarbons, for example toluene or xylene. 

The composition is applied uniformly to a substrate by known coating methods, for example 
by spin-coating, immersion, knife coating, curtain pouring, brush application or spraying, es- 
pecially by electrostatic spraying and reverse-roll coating, and by electrophoretic deposition. 
It is also possible to apply the photosensitive layer to a temporary flexible support and then 
coat the final substrate by transferring the layer by lamination. 

The amount applied (layer thickness) and the type of substrate (layer support) are depend- 
ent upon the desired field of use. The dry layer thickness range generally includes values 
from about 0.1 p, to more than 100 n, preferably from 0.02 to 2 cm. 

A further application for dual cure is in metal coating, for example in the surface-coating of 
metal sheets and tubes, cans or bottle closures, and curing on plastics coatings, for example 
of PVC-based floor or wall coverings. Examples of curing of paper coatings are the applica- 
tion of a colorless surface-coating to labels, record sleeves or book covers. 

The photosensitivity of the compositions used in the process according to the invention gen- 
erally ranges from about 200 nm to about 600 nm (UV field). Suitable radiation is present, for 
example, in sunlight or light from artificial light sources. Accordingly, a large number of 
widely varying types of light sources may be used. Point sources and also planiform radia- 
tors (lamp carpets) are suitable. Examples thereof include: carbon arc lamps, xenon arc 
lamps, medium-, high- and low-pressure mercury arc lamps, doped where appropriate with 
metal halides (metal halide lamps), microwave-excited metal vapor lamps, excimer lamps, 
superactinic fluorescent tubes, fluorescent lamps, argon incandescent lamps, flashlamps, 
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photographic flood lights, light-emitting diodes (LED), electron beams and X-rays. The dis- 
tance between the lamp and the substrate to be irradiated can vary according to the in- 
tended use and upon the type and strength of the lamp, and may be, for example, from 2 cm 
to 150 cm. Laser light sources, for example excimer lasers, such as Krypton F lasers for ir- 
radiation at 248 nm, are especially suitable. Lasers in the visible range can also be used. 

As mentioned before, in the process according to the invention, curing can be effected by ir- 
radiation with electromagnetic radiation combined with thermal curing before, during or after 
the irradiation. 

The thermal curing is carried out according to methods known to the person skilled in the art. 
Curing is generally carried out in an oven, for example a circulating-air oven, on a hotplate or 
by irradiation with IR lamps. Curing at room temperature without aids is also possible, de- 
pending upon the binder system used. The curing temperatures are generally from room 
temperature to 200°C, for example from 25°C to 150°C or from 50°C to 150°C or from 80°C 
to 200°C. In the case of powder coating compositions or "coil coat" surface-coatings, the 
curing temperatures may even be higher, for example up to 350°C. 

The compositions defined above used in the process according to the invention are suitable, 
for example, as coating materials for all kinds of substrates, for example wood, textiles, pa- 
per, ceramics, glass, plastics, such as polyesters, polyethylene terephthalate, polyolefins or 
cellulose acetate, especially in the form of films on metals, such as Al, Cu, Ni, Fe, Zn, Mg, 
Co or alloys thereof and semiconductors, such as GaAs or Si to which a protective layer is to 
be applied or an image is to be applied by image-wise exposure. 

The coated substrate that is coated on at least one surface with the composition defined 
above is another embodiment of the present invention. 

The compositions defined above used in the process according to the invention are suitable 
for a variety of specific purposes, for example as printing inks, as clear lacquers, as white 
surface-coating compositions, as color-pigmented surface-coating compositions, for example 
for wood or metal, as powder coating compositions, as paint, inter alia, for paper, wood, 
metal or plastics, as daylight-curable paint for marking structures and roads, for photo- 
graphic reproduction processes, for holographic recording materials, for image recording 
processes or for the production of printing plates that are to be developed with organic sol- 
vents or using aqueous/alkaline media, in the production of masks for screen-printing, as 
dental filling compounds, as adhesives, as pressure-sensitive adhesives, as laminating res- 
ins, as etch resists or permanent resists, liquid films and dry films, as photostructurable di- 
electrics, and as solder masks for electronic circuits, as resists in the manufacture of color 
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filters for any type of screen or for producing structures in the manufacturing process of 
plasma displays and electroluminescent displays, in the manufacture of optical switches, op- 
tical gratings (interference gratings), in the manufacture of three-dimensional articles by 
means of bulk curing (UV-curing in transparent moulds) or using the stereolithography 
process, as described, for example, in US-A-4,575,330, in the manufacture of composites 
(e.g. styrene polyesters that may optionally include glass fibers and/or other fibers and other 
adjuvants) and other thick-layered compositions, in the coating or sealing of electronic 
components or as coatings for optical fibers. The compositions are also suitable for the 
manufacture of optical lenses, for example contact lenses or Fresnel lenses, and also in the 
manufacture of medical apparatus, aids or implants. The compositions can also be used in 
the manufacture of gels having thermotropic properties, as described, for example, in 
DE-A-1 9 700 064 and EP-A-0 678 534. 

It is known that the industrial applicability of the photoinitiators used in the process for the 
preparation of scratch resistant durable coatings depends on the phase properties of the 
photoinitiator molecules when applied with the composition to the substrate. To obtain 
scratch resistant durable coatings photoiniator molecules are preferably concentrated at the 
surface of the coating to be cured. This is achieved by orienting non-polar groups of a sur- 
face-active photoinitiator towards the surface of coatings. The polymerization initiators (I) 
have the beneficial effect that their concentration at the surface of coatings is increased. 

The present invention also relates to a process for concentrating a surface-active photoini- 
tiator in the surface of coatings by dual cure which is characterized in that a composition 
comprising 

a) at least one polymerization initiator (I), wherein R, - R 7 and X are as defined above; 
and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain combined with prior, simultaneous or 
subsequent thermal treatment. 
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The photoinitiators (I) provided with non-polar groups can also serve as flow improvers since 
they are oriented towards the surface and influence the surface properties by the presence 
of non-polar groups. It is also possible to add further flow improvers customary in the art. 
Examples thereof are siloxane compounds and fluorohydrocarbon compounds, which are 
commercially available. 

The invention relates also to the use of compounds of formula I as flow improvers, optionally 
in combination with other customary flow improvers. 

Flow is defined, according to DIN 55945, as "the ability, to a greater or lesser degree, of a 
still liquid paint to level out, by itself, any unevenness arising during its application" cf. J. 
Bielemann, Lackadditive, VCH Weinheim 1998, Chapter 6. The flow of a coating composi- 
tion is highly dependent upon its flow behavior and its surface tension. The term "flow im- 
prover 0 is used to denote a substance that, by lowering the viscosity and/or the surface ten- 
sion, enables wet coatings to become evenly flowing films. In the case of powder coating 
compositions, flow improvers also lower the melt viscosity and the glass transition tempera- 
ture, and they also act as de-gassing agents. The use of flow improvers eliminates flow and 
surface faults that impair the overall appearance of the coating. Flow and surface faults in- 
clude, inter alia, orange peel effect, structure formation, scratching, fisheye formation, sensi- 
tivity to draught, substrate wetting problems, brush application marks, run formation, stip- 
pling, pinholes, etc.. The use of the compounds according to the invention as flow improvers 
enables the surface tension to be lowered. The surface tension can be calculated by deter- 
mining the wetting angle of a drop of liquid on a surface (contact angle measurement). 

Therefore, the present invention also relates to a method for improving the flow of a curable 
composition on the substrate to which it is applied, which method comprises adding to the 
curable composition at least one polymerization initiator (I) as defined above. 



A preferred embodiment of the invention relates to a process for the preparation of coatings 
by dual cure as described above, wherein in embodiments (1) and (3) R 3 in para position of 
the phenyl ring represents a substituent selected from the group consisting of R c -, FVY-, 
Rc-Y-(CH 2 ) X -, MCHaVY-. R c -Y-(CH 2 ) y -0- f R c -Y-(CH 2 )y-S- and R c -Y-(CH 2 ) y -NR 8 -; and 
the other R 1f R 2l R 4 and R 5 represent hydrogen or substituents selected from the group 
consisting of C r C 4 alkyl t hydroxy, hydroxy-C 2 -C 4 alkyl, d-C 4 alkoxy, hydroxy-C 2 -C 4 alkoxy, 
halogen, amino and di-Ci-C 4 alkylamino. 
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Another particularly preferred embodiment of the invention as exemplified relates to a 
process for the preparation of coatings by dual cure, which is characterized in that a 
composition comprising 

a) at least one polymerization initiator (I), 
wherein in embodiment (1) 

X represents the terminal groups R a O- or R a R„N-; 

R 3 in para position of the phenyl ring represents a substituent selected from the 

group consisting of R c -, Rc-Y-, Rc-Y-(CH 2 ) X -, Rc-(CH 2 ) X -Y-, Rc-Y-(CH 2 ) y -0- and 
Ro-Y-(CH 2 )srS-; and 

Ri, R 2 , R4 and R 5 represent hydrogen or substituents selected from the group consisting of 

C^alkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, d-C 4 alkoxy and hydroxy-C^alkoxy; or 
wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of R 0 -Y,-, 

FMCHzVYr and Rc-Y-(CH 2 )y-Q-; 

R1 - R s represent hydrogen or substituents selected from the group consisting of 

C^alkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, C r C 4 alkoxy and hydroxy-C r C 4 alkoxy; or 
wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of R c -Y r , 

Rc-(CH 2 ) X -Y,- and R c -Y-(CH 2 VO-; 

R 3 in para position of the phenyl ring represents a substituent selected from the 

group consisting of Rc-, Rc-Y-, Rc-Y-(CH 2 ) X -, RHCH^-Y-, Rc-Y-(CH 2 VO- and 
Rc-Y-(CH 2 ) y -S-; 

Ri. R 2 , R 4 and R 5 represent hydrogen or substituents selected from the group consisting of 
CrGtalkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, C,-C 4 alkoxy and hydroxy-C 2 -C 4 alkoxy; 
and 

wherein in embodiment (1), (2) and (3) 

R6. R7, R a , Rb. Rc, x, y, Y, Yi are as defined above; and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; is cured as described above. 
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A particularly preferred embodiment of the invention relates to a process for the preparation 
of coatings by dual cure, which is characterized in that a composition comprising 

a) at least one polymerization initiator (I), wherein 

wherein in embodiment (1) 

X represents the terminal groups R a O- or R a RbN-; and 

R 3 in para position of the phenyl ring represents a substituent selected from the 

group consisting of R C -(CH 2 ) X -Y- or R c -Y-(CH 2 )y-0- and 
the other R 1f R 2| R4 and R 5 represent hydrogen 

wherein in embodiment (2) 

X represents a terminal group R c -Y r , and 

R1 - R5 represent hydrogen; or 

wherein in embodiment (3) 

X represents a terminal group R c -Yi-;and 

R3 in para position of the phenyl ring represents a substituent R c -Y-(CH 2 ) y -0-, and 

the other Ri, R 2| R4 and R 5 represent hydrogen; and 

wherein in embodiment (1), (2) and (3) 

Re and R 7 independently of one another are CrCi 2 -alkyl or benzyl; 

R a and R b independently of one another represent hydrogen or C r C 12 alkyl; or R a and R b 
together with the nitrogen atom to which they are bonded form a morpholinyl, 
piperidinyl or piperazinyl ring. 



R 0 represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 )p-(CF 2 )< ri wherein 

Z represents -H or -F; one of p and q represents a numeral from zero to twenty 
and the other one a numeral from one to twenty; 

x represents a numeral from one to ten; 

y represents a numeral from two to ten; 

Y and independently of one another represents a bivalent substituent selected from the 
group consisting of -0-, -S-, - -0-C(=0)- and -0-Si(R 9 )2-(CH 2 ) x -; 

R 9 is d-C 8 alkyl or phenyl. 
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b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; is cured as described above. 



Another highly preferred embodiment of the invention relates to a process for the preparation 
of coatings by dual cure and by employing the novel compounds defined below. The process 
is characterized in that a composition comprising 

a) at least one polymerization initiator of the formula 



wherein in embodiment (1) 

X represents the terminal groups FUO- or R a RbN-; and 

R represents a substituent selected from the group consisting of Rc-Y-, 

Rc-Y-(CH 2 ) X -, Rc-CCH^Y-, R c -Y-(CH 2 ) y -0-, FIc-Y-iCHaVS-; and 
Rc-Y-(CH 2 )y-NR 8 -;or 

wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of R c -Y r , 

Rc-(CH 2 ) X -Y,- or Rc-Y-(CH 2 VO- ; and 

R represent hydrogen or a substituent selected from the group consisting of 

C,-C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, C r C 4 alkoxy, hydroxy-C r C 4 alkoxy; 
wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of R c -Y,-, 

R c -(CH 2 ) X -Yi- or R c -Y-(CH 2 )y-0-; and 

R represents a substituent selected from the group consisting of R c -Y-, 



Rc-Y-(CH 2 ) X -, R 0 -(CH 2 ) X -Y-, Rc-Y-(CH 2 VO-, Rc-Y-fCH^-S- and Rc-Y-(CH 2 ) y -NR 8 -; 




and 



wherein in embodiment (1), (2) (3) 
Rai R71 R81 R9 are as defined above under formula I, 
Ra, Rb and R c are as defined above under formula I, 
x andy are as defined above under formula I, 
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Y and are as defined above under formula I, 

b) poiymerizable, ethylenically unsaturated compounds; and, optionally, as further compo- 
nents; a thermally crosslinkable compound; and/or further additives; and/or additional 
photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain combined with prior, simultaneous or 
subsequent thermal treatment. 



Another embodiment of the invention relates to a process for the preparation of coatings by 
irradiation with electromagnetic radiation and employing the novel compounds of the for- 
mula P defined below. The process is characterized in that a composition comprising 

a) at least one polymerization initiator of the formula P as defined above; and 

b) poiymerizable, ethylenically unsaturated compounds; and, optionally, further additives; 
and/or additional photoinitiators; 



is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the I R domain, provided that the compound of the formula 

CH 3 o » — , 

HO ) 11 ^J^OCH 2 CH 2 0 2 C(CF 2 ) 7 F 
CH' 

3 is excluded. 



The preparation and the use of this compound in curing processes using electromagnetic 
radiation is described in WO 93/12150, 

Another embodiment of the invention relates to a process for concentrating a surface-active 
photoinitiator in the surface of coatings which is cured by irradiation with electromagnetic ra- 
diation of a wavelength from about 200 nm up to the IR domain, combined with prior, 
simultaneous or subsequent thermal treatment (dual cure). The process is characterized in 
that a composition comprising 

a) at least one polymerization initiator (P), wherein R, R 6l R7 and X are as defined above, 
and 
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b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or additional 
photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain, combined with prior, simultaneous or 
subsequent thermal treatment. 



Another embodiment of the invention relates to a process for concentrate a surface-active 
photo.nrt.ator in the surface of coatings by irradiation with electromagnetic radiation. This 
process is characterized in that a composition comprising 

a) at least one polymerization initiator (I'), wherein R, R 6 , R 7 and X are as defined above- 
and ' 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, further additives; 
and/or additional photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain, provided m the compound of the formula 

HO-p~/)-OCH 2 CH 2 0 2 C(CF 2 ) 7 F 

is excluded. 



The present invention also relates to novel polymerization Initiators of the formula (V) as 
described above provided thaj the compound of the formula 
CH 3 p 

is excluded. 



The compounds of formula I and I' are prepared in a manner known per se, e.g. by reacting 
1) a compound of the formula 



HY^=x ft Fi 7 



R * wherein 
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Y represents oxygen or sulfur; 

with a reactive functional derivative introducing the substituent selected from the group 
consisting of R c -Y-, R<rY-(CH 2 ) x -, R C -(CH 2 ) X -Y-, R c -Y-(CH 2 ) y -0- F R c -Y-(CH 2 ) y -S-, 
Rc-Y-(CH 2 ) y -NR 8 -; or 

2) a compound 



wherein 

Y represents oxygen, -NH-, or sulfur; 

X' represents hydroxy or amino 

with a reactive functional derivative introducing the substituent selected from the group 
consisting of R c -Y-, R C -Y-(CH 2 ) X -, R c -(CH 2 ) y -Y-, Rc-Y-fCHjOy-O-, R c -Y-(CH 2 )y-S- and 
Rc-Y-(CH 2 )y-NR8- f and, correspondingly, from the group consisting of R c -Y r , Rc-(CH 2 )x-Yr 
and R c -Y-(CH 2 ) y -0- . 

Reactive functional derivatives introducing the above-mentioned substituents are, for exam- 
ple the acid halides, e.g. acid chlorides or bromides, or acid anhydrides of the carboxylic ac- 
ids, or alkyl or silyl halides corresponding to the above-mentioned groups. The reaction is 
preferably carried out in the presence of a suitable base, e.g. triethylamine or diazabicy- 
clo[5.4.0]undec-8-ene (DBU). 

Preferred embodiments of the process are illustrated in the Examples. 



A preferred embodiment (1) of the invention relates to a specific group of polymerization 
initiators of the formula I' selected from the group consisting of the following examples, 
wherein n represents a numeral from 3 to 20: 

Examples 5a and 6a 





'3 



a compound of formula r wherein 
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X 



R a O, 



R in the paraposition is R c -Y-(CH 2 ) y -0-, 

R 6 andR 7 are d-daalkyl, (methyl) 
R a is hydrogen, 

Ro represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q -, wherein 

Z represents -F; p = zero, q= 2-20, 

y is 2; 

Y represents a bivalent substituent -C(=0)-0-. 

(Example 7) 




CH. 



a compound of formula I' wherein 



X 



R a O, 



R in the paraposition is Ro-Y-(CH 2 )y-0-, 

Re and R 7 are C r C 12 alkyl, (methyl) 

Ra is hydrogen, 

Rc represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q -, wherein 



Z represents -F; p = zero, q= 2-20, 



y 



Y 



represents a bivalent substituent -O-SifRgMCHa)*-; 
is methyl, 



x 



is 2. 
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(Examples 8, 9 and 10) 

CH 3 

a compound of formula I' wherein 



X R a R b N; 

R in the paraposition is R<r (CH 2 ) X -Y-, 

R 6 and R 7 are C r C 12 alkyl, (methyl) 

R a Rb together with the nitrogen atom to which they are bonded form a 6 membered 
ring interrupted by O, (morpholinyl) 

R c represents a linear or branched terminal chain ZCF2(-0-C2F 4 )p-(CF2) q -, wherein 

Z represents -F; p = zero, q= 2-20, 

x is 2; 

Y represents a bivalent substituent -S-. 



(Examples 11 and 12) 




a compound of formula I* wherein 



X R a R b N; 

R in the paraposition is R C -(CH 2 ) X -Y-, 

R 8 is CrC 4 alkyl, 

R 7 is benzyl, 

R a R b are methyl, 

Rc represents a linear or branched terminal chain ZCF 2 (-0-C2F 4 ) p -(CF2) q -, wherein 
Z represents -F; p = zero, q= 2-20, 
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x is 2; 

Y represents a bivalent substituent -S- 



A preferred embodiment (2) of the invention relates to a specific group of polymerization 
initiators of the formula V selected from the group consisting of the following examples: 
Examples 1 and 3 




a compound of the formula I* wherein 
X is R c -Y,-, 

R OH, 
R 6 andR 7 are methyl, 

R c represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 )p-(CF 2 ) q -, wherein 

Z represents -F; p = zero, q= 2-20, 

Y, is -0-C(=0)-. 

Examples 2, 4 and 6a 




a compound of the formula I' wherein 
X is Ro-Yr, 

R methoxy or hydroxy-C 2 -alkoxy, 

R 6 andR 7 are methyl, 

Rc represents a linear or branched terminal chain ZCF^-O-C^p-fCFz),,-, wherein 

Z represents -F; p = zero, q=2-20, 
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Yi is -0-C(=0)-. 



A preferred embodiment (3) of the invention relates to a specific group of polymerization 
initiators of the formula r selected from the group consisting of the following examples: 

Examples 5b and 6c 

C n F 2n+1 

a compound of the formula P wherein 
X is Rc-Yr, 

R in the paraposition is Rc-Y-(CH 2 )y-0-, 

R 6 is methyl, 

R 7 is methyl 

R c represents a linear or branched terminal chain ZCF 2 (-0-C 2 F4)p-(CF 2 ) q -, wherein 

Z represents -F; p = zero, q= 2-20, 

y is 2; 

Y, Y1 is -0-C(=0)-. 



The present invention also relates to a composition comprising 

a) at least one polymerization initiator (P), wherein R, R 6 and R 7 and X are as defined 
above, provided that the compound of the formula 




OCH 2 CH 2 0 2 C(CF 2 ) 7 F 



WO 02/40602 



PCT/EP01/13130 



-41 - 

is excluded; and 

b) polymerizable, ethylenically unsaturated compounds. 

The component b) in these compositions is analogous to the component b) described above 
in regard to the compositions comprising polymerization initiators of the formula (I). 
A preferred embodiment relates to compositions comprising as optional components 

c) at least one thermally crosslinkable compound; 

d) further additives; and 

e) additional photoinitiators. 

Components c), d) and e) are analogous to the components described above in regard to 

the compositions comprising polymerization initiators of the formula (I). 

The following examples illustrate the invention without limiting the scope thereof: 
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Examoles 
Example 1 

Heptafluoro butvric acid 1-(4-hvdroxvbenzovn-1-methvlethvl ester 

F F 




-F 

F 



(Ri = R 2 = R 4 = R 5 = H; R 3 = -OH; Re = R 7 = -CH 3 ; X = R.-Y,- with Y, = -0-C(=0)-; R c = 
ZCF 2 (-0-C 2 F 4 )p-(CF a ) q - with p = 0, q = 2, Z = F) , 

3.19 g (31 .5 mmol, 2.03 eq.) Triethylamine and 0.1 g (0.82 mmol, 0.053 eq.) 4-dimethyl- 
aminopyridine are added at room temperature under argon atmosphere to a solution of 
2.79 g (15.5 mmol, 1 eq.) 2-hydroxy-1-(4-hydroxyphenyl)-2-methyl-1-propanone in 80 ml di- 
chloromethane. 3.95 g (17 mmol, 1.1 eq.) Heptafluorobutyric acid chloride is added within 
10 min. and the solution is stirred at room temperature for 22 hours. The solvent is removed 
under vacuum and the residue is dissolved with 100 ml diethyl ether. The solution is treated 
with 100 ml 5% HCI and the aqueous phase extracted twice with diethyl ether. The combined 
organic phases are washed with 5% HCI (2 x 150 ml), sat. NaHC0 3 (2 x 200 ml) solution and 
brine (2 x 200 ml). The organic phase is dried over MgSG 4 and evaporated under vacuum. A 
white solid is obtained which is recrystallized from hexane giving 4.71 g (81%) of the title 
compound (CAS nomenclature: 3,3,4,4,4-heptafluoro-butyric acid 2-(4-hydroxy-phenyl)-1,1- 
dimethyl-2-oxo-ethyl ester) as a white solid. 

M.p.: 89°C; UV (CH 3 CN): max. at 279 nm (e: 12 797); 1 H-NMR (CDCI 3 ): 7.85 (m, 2 H arom.), 
6.79 (m, 2 H arom.), 1 .75 (s, 6 H, 2 CH 3 ); M/z (El): 376 (M*); 
Elemental analysis for C14HHF7O4: 





%C 


%H 


%F 


calc. 


44.69 


2.95 


35.35 


found 


45.90 


2.85 


34.68 
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Examole 2 



Heptafluorobutvric acid 1-(4-methoxvbenzovlV1-methvlethvl ester 



F F 




o 



(R, = R 2 =R 4 =R 5 = H; R 3 = -OCH 3 ; R 6 = R 7 = -CH 3 ; X = Rc-Y,- with Y, = -0-C(=0)-; R 0 = 
ZCF 2 (-0-C 2 F4) p -(CF2) q - with p = 0, q = 2, Z = F) 

2.5 g (6.65 mmol) of the product from Example 1 are dissolved in a mixture of THF/1 ,3-di- 
methyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone (DMPU, 80 ml, 1:4) and added under argon at- 
mosphere within 1 hour to a suspension of 0.32 g (7.31 mmol, 1.1 eq.) NaH (55-65% disper- 
sion in oil, in a mixture of THF/DMPU (19 ml, 1 : 4). A solution of 1.04 g (7.31 mmol, 1.1 eq.) 
methyl iodide in 10 ml THF/DMPU (1 : 4) is added within 30 minutes. The mixture is stirred 
for 24 hours at room temperature, poured on 100 ml water and extracted with tert.-butyl 
methyl ether (TBME). After washing with water the organic phase is dried over MgS0 4 and 
evaporated under vacuum The yellow liquid obtained is purified by flash chromatography 
(FC). 0.65 g (25%) of the title compound (CAS nomenclature: 2,2,3,3,4,4,4-heptafluoro-bu- 
tyric acid 2-(4-methoxy-phenyl)-1,1-dimethyl-2-oxo-ethyl ester) is obtained as a colorless 



UV (CH 3 CN): max. at 280 nm (e: 16 607); 1 H-NMR (CDCI 3 ): 7.84 (m, 2 H arom.), 6.78 (m, 
2 H, arom.), 3.73 (s, 3 H, 0-CH 3 ), 1.75 (s, 6 H, 2 CH 3 ). 

Example 3 

Pentadeca fluorooctanoic acid 1-f4-hvdroxvbenzovlM-methvlethvl ester 



liquid. 




F F F F F F F 



O 



(Ri = R 2 = FU = R 5 = H; R 3 = -OH; R 6 = R 7 = -CH 3 ; X = Rc-Y r with Y, = -0-C(=0)-; R c = 
ZCF 2 (-0-C 2 F4)p-(CF 2 ) q - with p = 0, q = 6, Z = F) 
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The title compound is prepared in a manner analogous to Example 1 by using a 1 molar 
equivalent of 2-hydroxy-1-(4-hydroxyphenyl)-2-methyl-1-propanone and 1 .1 molar equivalent 
of pentadecafluorooctanoyl chloride. 

UV (CH 3 CN): max. at 277 nm (e: 14 713); 1 H-NMR (CDCI 3 ): 7.95 (m, 2 H arom.), 6.82 (m, 
2 H arom.), 1 .56 (s, 6 H, 2 CH 3 ); M/z (CI): 577 (MH + ); 
Elemental analysis for Ctal-lnF^C^: 





%C 


%H 


%F 


calc. 


37.52 


1.92 


49.45 


found 


37.35 


1.69 


49.33 



Example 4 

Pentadecafluorooctanoic acid 1-(4-methoxvbenzovn-1-methvlethvl ester 

FFFFFFF O 

(R, = R 2 = R4 = R 5 = H; R 3 = -OCH 3 ; R 8 = R 7 = -CH 3 ; X = R c -Y r with Y, = -O-C(=0)-; R c = 
ZCF 2 (-0-C 2 F 4 )p-(CF 2 )q- with p = 0, q = 6, Z = F) 

The title compound is prepared in a manner analogous to Example 3 by methylation of the 
product from Example 3. 

UV (CH3CN): max. at 279 nm (e: 15 908); 'H-NMR (CDCI 3 ): 8.06 (m, 2 H arom.), 6.94 (m, 
2 H arom.), 3.88 (s, 3 H, O-CH3), 1 .64 (s, 6 H, 2 CH 3 ). 
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Example 5 

Heptafluoro butvric acid 2-r4-f2-hvdroxv-2-methvl-DropionvlVDhenoxv1-ethvl ester (5a) 
and heptafl uorobutvric acid 1-r4-(2-heptafluorobutvrvloxv)-ethoxvbenzovll- 
1-methvlethvl ester (5b\ 




(5a :R 1 = R 2 =R 4 = R 5 =H;R 3 = -O-(CH 2 ) y -Y-R 0 ; y = 2; R 6 = R 7 = -CH 3 ; X = -OH; Y= -O- 
C(=0)-; R c = ZCF 2 (-0-C 2 F 4 )p-(CF 2 ) q - with p = 0,q = 2,Z=F) 

(5b : R, = R 2 = R 4 = R 5 = H; R 3 = -0-(CH 2 ) y -Y-Rc; y = 2; R 6 = R 7 = -CH 3 ; X = -Y r R c ; Y= Y, = 
-0-C(=0)-; R c = ZCF 2 (-0-C 2 F 4 )p-(CF 2 ) q - with p = 0, q = 2, Z = F) 

The mixture of title compounds is prepared in a manner analogous to Example 1 by using 

1 molar equivalent of 2-hydroxy-1-[4-(2-hydroxyethoxy)-phenyl]-2-methyl-propan^1-one and 
1.1 molar equivalents of heptafluorobutvric acid chloride. 

5a (CAS nomenclature: 2,2,3,3,4,4,4-heptafluoro-butyric acid 2-[4-(2-hydroxy-2-methyl- 
propionyl)-phenoxy]-ethyl ester) 

UV (CH 3 CN): max. at 270 nm (e: 15 470); 'H-NMR (CDCI 3 ): 8.06 (m, 2 H arom.), 6.92 (m, 

2 H arom.), 4.74 (m, 2 H, CH 2 -0-Ph), 4.32 (m, 2 H, Chfe-CIVO-Ph), 1.60 (s, 6 H, 2 CH 3 ); 
M/z (CI): 421 (MH+). 

5b (CAS nomenclature: 2,2,3,3,4,4,4-heptafluoro-butyric acid 2-{4-[2-(2,2,3,3,4,4,4-hep- 
tafluoro-butyryloxy)-ethoxy]-phenyl}-1 ,1 -dimethyl-2-oxo-ethyl ester) 

UV (CH 3 CN): max. at 276 nm (e: 16 610); 'H-NMR (CDCI 3 ): 8.16 (m, 2 H arom.). 7.10 (m, 
2 H arom.), 4.94 (m, 2 H, CH 2 -0-Ph), 4.50 (m, 2 H, CttrCH 2 -0-Ph), 2.02 (s, 6 H, 2 CH 3 ); 
M/z (CI): 617 (MH + ). 



WO 02/40602 



PCT/EP01/13130 



- 46 - 

Example 6 

Pentadecafluorooctanoic acid 2-r4-r2-hvdroxv-2-methvl-propionvn-phenoxv1-ethvl 
ester (6a). p entadecafluorooctanoic acid 1-(4-(2-hvdroxvethoxvbenzovlH-methvl- 
ethvl ester (6b) and pentad ecafluorooctanoic acid 1-r4-f2-pentadecafluorooctanovl- 
oxv)-ethoxvbenzovn-1-methvlethvl ester (6c) 

O FFFFFFF 

> <(<<(< (r 

0 FFFFFFF 

(6a) (6b) (6c) 

(6a :R 1 = R 2 =R 4 =R 5 = H; R 3 = -0-(CH 2 )y-Y-R c ; y = 2; R 6 = R 7 = -CH 3 ; X = -OH; 
Y= -0-C(=0)-; R c = ZCF 2 (-0-C 2 F 4 )p-(CF 2 ) q - with p = 0, q = 6, Z = F) 

(6b :R 1 =R 2 =R 4 =R 5 = H;R 3 = -0-(CH 2 )y-OH; y = 2; Re = R 7 = -CH 3 ; X = -Y,-R c ; 
Y, = -0-C(=0)-; Re = ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q - with p = 0,q = 6,Z = F) 

(6c : R, = R 2 = R 4 = R s = H; R 3 = -0-(CH 2 ) y -Y-Rc; y = 2; R 6 = R 7 = -CH 3 ; X = -Y,-Rc; Y= Yi = 
-0-C(=0)-; Rc = ZCFa^O-CzF^CFzV with p = 0, q = 6, Z = F) 

The mixture of title compounds is prepared in a manner analogous to Example 1 by using 

1 molar equivalent of 2-hydroxy-1-[4-(2-hydroxyethoxy)-phenyl]-2-methyl-propan-1-one and 
1 .1 molar equivalents of pentadecafluorooctanoyl chloride. 

6a (CAS nomenclature: 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluoro-octanoic acid 2-(4-(2- 
hydroxy-2-methyl-propionyl)-phenoxy]-ethyl ester) 

UV (CH 3 CN): max. at 269 nm (e: 15 837); 1 H-NMR (CDCI 3 ): 8.00 (m, 2 H arom.), 6.87 (m, 

2 H arom.), 4.69 (m, 2 H, CH 2 -0-Ph), 4.26 (m, 2 H, CHrCH 2 -0-Ph), 1.56 (s, 6 H, 2 CH 3 ); 
M/z (CI): 621 (MH + ). 

6b (CAS nomenclature: 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluoro-octanoic acid 2-[4-(2- 
hydroxy-ethoxy)-phenyl]-1 ,1-dimethyl-2-oxo-ethyl ester) 

UV (CH 3 CN): max. at 279 nm (e: 19 357); 'H-NMR (CDCI 3 ): 7.88 (m, 2 H arom.), 6.85 (m, 
2 H arom.), 4.06 (m, 2 H, CH 2 -0-Ph), 3.93 (m, 2 H, Cfcfe-CHrO-Ph), 1.73 (s, 6 H, 2 CH 3 ); 
M/z (CI): 621 (MH + ). 



HQ 



FFFFFFF ' O 

F ) ) ) ) ) ) ) { 
FFFFFFF O 
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> ((((((( F 
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6c (CAS nomenclature: 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluoro-octanoic acid 1,1-di- 
methyl-2-oxo-2-{4-[2-(2 I 2,3 I 3,4 I 4,5,5,6 ( 6,7,7,8,8,8-pentadecafluoro-octanoyloxy)-ethoxy]- 
phenyl}-ethyl ester) 

UV (CH 3 CN): max. at 272 nm (e 14 417); 1 H-NMR (CDCI 3 ): 7.90 (m, 2 H arom.), 6.84 (m, 
2 H arom.), 4.67 (m, 2 H, CH 2 -0-Ph), 4.24 (m, 2 H, CHa-CHz-O-Ph), 1.76 (s, 6 H, 2 CH 3 ); 
M/z (CI): 1017 (MH + ). 

Example 7 

1-(442-((3.3.4.4.5.5.6.6.7.7 .8.8.9.9.10.10.10-HeDtadecafluorodecvn-dimethvlsiM- 
oxv)-ethoxv1-Dhenvll-2-hvdroxv-2-methvl-propan-1-one 



(R, = R 2 = a, = R 5 = H; R3 = -0-(CH 2 )y-Y-Rc; y = 2; R 6 = R 7 = -CH 3 ; X = -OH; Y= -0-Si(R 9 ) 2 - 
(CH 2 ) X -; x = 2; R 9 = -CH 3 ; Rc = ZCFzf-O-CzF^p-fCFa),- with p = 0,q = 7,Z=F) 

The title compound is prepared in a manner analogous to Example 1 by using 1 molar 
equivalent of 2-hydroxy-1-[4-(2-hydroxy-ethoxy)-phenyl]-2-methyl-propan-1 -one and 1 molar 
equivalent of chloro-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,1 0,1 0,1 0-heptadecaf luorodecyl)-dimethyl- 



UV (CH 3 CN): max. at 274 nm (e: 15 500); 1 H-NMR (CDCI3): 7.86 (m, 2 H arom.), 6.74 (m, 
2 H arom.), 4.56 (s, OH), 3.92 (m, 2 H, CH r O-Ph), 3.80 (m, 2 H, CHa-CHa-O-Ph), 1.90 (m, 
2 H, CHa-CHa-Si), 1.42 (s, 6 H, 2 CH 3 ), 0.64 (m, 2 H, CH 2 -Si), 0.01 (s, 6 H, 2 CH 3 -Si); M/z 
(CI): 729 (MH*). 




silane. 
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Example 8 

H4-(3.3.4.4,5.5.6.6.7.7.8.8.9,9,10.10.10-Hepte^ 
methvl-2-morpholin-4-vl-propan-1-one 




(Ri = R 2 = R 4 = R 5 = H; R 3 = -Y-(CH 2 ) X -R C ; x = 2; R 6 = R 7 = -CH 3 ; X = -NR a R b ; -R a -R b - = 
(CH 2 ) 2 -0-(CH 2 ) 2 -; Y= -S-; R c = ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q - with p = 0, q = 7, Z = F) 

10.7 g (40 mmol) 1-(4-Chlorophenyl)-2-methyl-2-morpholin-4-yl-propan-1-one and 23.0 g 
(48 mmo!) Lodyne® 921 Bl (C 8 F ir CH 2 -CH 2 -SH ) are dissolved in 50 ml dimethylacetamide in 
a 200 ml flask. 1 1 g K 2 C0 3 are added and the suspension is heated for 18 h to 90°C. The 
suspension is then mixed with water and toluene. After separating off the water, the organic 
phase is diluted with ether and extracted several times with 2N HCI-solution. After evaporat- 
ing the solvent the black residue is diluted in warm ethanol and treated with active charcoal. 
The crystals obtained are recrystallized from ethanol and melt at 83-86°C. 

Elemental analysis for C 24 H22F 17 N0 2 S: 





%C 


%H 


%N 


%S 


%F 


calc. 


40.52 


3.12 


1.97 


4.50 


45.39 


found 


38.25 


2.70 


1.80 


5.73 


49.30 



Example 9 



2-Methvl-2-morohol!n-4-vl-1-f4-(3.3.4.4.5.5.6.6.7.7.8.8.8-tridecafluorooctvlthioV 
phenyiypropan-1 -one 




(R, = R 2 = R 4 = R 5 = H; Rg = -Y-(CH 2 ) X -R C ; x ■ 2; R 6 = R 7 = -CH 3 ; X = -NR a Rt>; -R a -R b - = 
(CH 2 ) 2 -0-(CH 2 ) 2 -; Y= -S-; Rc = ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q - with p = 0, q = 5, Z = F) 
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10.7 g (40 mmol) 1-(4-Chlorophenyl)-2-methyl-2-morpholin-4-yl-propan-1-one and 18.2 g 
(48 mmol) Lodyne® 921 A (C 6 F 13 -CH2-CH 2 -SH ) are dissolved in 50 ml dimethylacetamide in 
a 200 ml flask. 11 g K 2 C0 3 are added and the suspension is heated for 15 h to 90°C. The 
suspension is then mixed with water and ether. After separating off the organic phase is ex- 
tracted several times with 2N HCI-solution. The aqueous HCI containing solution is made 
basic with NaOH-solution and extracted with toluene. After evaporating the solvent the resi- 
due is recrystallized from isopropanol. The brownish crystals melt at 83-86°C. 

Elemental analysis for C22H22Fi3N0 2 S: 



%c 


%H 


%N 


%S 


%F 


%CI 


43.21 


3.63 


2.29 


5.24 


40.39 




43.6 


3.6 


2.4 


5.2 


39.1 


0.5 



Example 10 

1 -r4-(3,3,4.4.5.5.6.6.7.7.8.8 .9.9. 1 0. 1 0.1 0-HeDtadecafluordecvlthio)-Dhenvn-2-methvl- 
2-morDholin-4-vl-DroDan-1-one (10a) and 1-f4- 

(3.3.4.4.5.5.6.6.7.7.8.8.9.9. 10.10.11.11.l2.12.12-H6neicosafluordodecvlthioV 
phenyn-2-methvl-2-morohol in-4-vl-proDan-1 -one (1 0b) 




(10 a, Ex. 8) 



and 




(10 b) 

(10a = 8) 
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(10b :R,= R 2 =R 4 = R 5 = H; R 3 = •Y-(CH 2 ) X -R C ; x = 2; R 8 = R 7 = -CH 3 ; X = -NR a R b ; -Ra-FV = 
-(CH 2 ) 2 -0-(CH 2 ) 2 -; Y= -S-; R c = ZCF 2 (-0-C 2 F 4 )p-(CF 2 ) q - with p = 0, q = 9, Z = F) 

10.7 g (40 mmol) 1-(4-fluororophenyl)-2-methyl-2-morpholin-4-yl-propan-1-one and 23.0 g 
(48 mmol) Lodyne® 926 (mixture of C 8 F 17 -CH 2 -CH 2 -SH and C 10 F 21 -CH 2 -CH 2 -SH) are dis- 
solved in 150 ml dimethylsulfoxide in a 200 ml flask. 5.5 g K 2 C0 3 are added and the suspen- 
sion is heated for 77 h to 1 10°C. The suspension is then mixed with water and toluene. After 
separating off the organic phase is extracted several times with 2N HCI-solution. The aque- 
ous HCI containing solution is made basic with NaOH-solution and extracted with toluene. 
After evaporating the solvent yellowish wax-type crystals are obtained. 

Elemental analysis for CasH^F^NOzS (mean value of 10a and 10b): 





%C 


%H 


%N 


%S 


%F 


calc: 


39.43 


2.91 


1.84 


4.21 


47.40 


found: 


39.60 


2.95 


2.10 


4.22 


47.00 



Example 1 1 

2-Benzvl-2-dimethvlamino-1-r4-(3.3.4.4.5.5.6.6.7.7.8.8.9.9 .10.10.10-heDtade- 
cafluorodecvlthio)-DhenvlJ-butan-1-one 




(R, = R 2 = R4 = R 5 = H; R 3 = -Y-(CH 2 ) X -Rc; x = 2; R e = -CH 2 -CH 3 ; = R 7 = -CH 2 -C 6 H 5 ; X = 
-NR a R b ; R a = Rb = -CH 3 ; Y= -S-; R c = ZCF^-O-CzF^CFzV with p = 0, q = 7, Z = F) 

5.9 g (8,8 mmol ) 2-Dimethylamino-1-[4-(3,3,4,4,5.5,6 I 6.7,7,8.8,9,9,10,10,10-heptadeca- 
fluordecylthio)-phenyl]-butan-1-one are dissolved in a 100 ml flask in 20 ml methylethylke- 
tone and heated to 50°C. 1 .58 g Benzyl bromide are added and the solution is stirred for 5 h 
at 50°C. 0.7 g sodium hydroxide are added as solid particles and the mixture is stirred for 
further one and a half hours. After work-up with water the orange oil is dissolved in a mixture 
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of hexane and acetic acid ester (5 : 1), filtrated in fractions over a silica gei layer and dried. 
4.0 g are obtained as a yellowish oil. 



Elemental analysis for C29H26F17NO2S: 





%C 


%H 


%N 


%S 


%F 


calc: 


45.86 


3.45 


1.84 


4.22 


42.52 


found: 


47.15 


3.72 


1.81 


4.28 





The starting materials are prepared as follows: 
. a)2^jrnethylamln^ 

CVlthiO^-Dhenvl]-bi Jtan-1 -nna 

15.0 g (20 mmol ) 2-Bromo-1-[4-(3,3,4,4,5,5,6,6,7,7,8 ( 8,9,9,10 ( 10,10-heptadecafluorde- 
cylthio)-phenyl]-butan-1-one and 4,1 g K 2 C0 3 are heated to 50°C in a 350 ml flask. 1.2 g 
Dimethylamine gas are fed into the mixture for 10 minutes and the suspension is stirred for 
2 h at 50°C. 1.2 g Dimethylamine gas are again introduced into the mixture for 10 minutes. 
The reaction mixture is worked up with water after stirring for one and a half hours at 50°C. 
The oily liquid is oil is dissolved in a mixture of hexane and acetic acid ester (3 : 1) and puri- 
fied with silica gel over a Rash column. 5.9 g of a yellowish oily liquid are obtained. 

b) 2-Bromo-1-[4-(3,3,4,4.5.5.6.6.7.7.8.8.9.9.in.1 0 ,l0.h e Dtad eca fluorodecvlthi O V 
phenvn-2-butan-1-one 

14.3 g (22.8 mmol ) l-^S.S.M.SAe.ejJ.S.a.g.g.lO.IO.IO-Heptadecafluordecylthio)- 
phenyl]-butan-1-on are dissolved in 50 ml methylene chloride. 10 drops or chlorosulfonic 
acid are added and 3.64 g (22.8 mmol) bromine are dropped to the mixture within 
15 minutes. After stirring the reaction mixture for 9 hours at room temperature the solvent is 
removed. 1 5.9 g of a black residue are obtained. 

c) 1-[4-(3,3A4,5.5,6.6,7.7.8.8.9.9.10.in.in. HeDtadecafluorodecvlthio^Dhenviy h.i. 
tan-1-one 

9.13 g (50 mmol ) 1-(4-chlorphenyl)-butan-1-one and 24.0 g (60 mmol ) Lodyne® 921BI 
(C 8 F ir CH 2 -CH2-SH) are dissolved in 100 ml dimethylacetamide in a 350 ml flask. After addi- 
tion of 13.8 g K2CO3 the suspension is heated for 29 h to 90°C. After adding water and tolu- 
ene the organic phase is removed from the suspension. After removal of the solvent the 
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black crystals obtained are dissolved in ethyl acetate and purified over active charcoal. After 
removal of the solvent the brownish crystals are recrystallized with hexane. 14,6 g of crystals 
are obtained. 

Example 12 

2-Benzvl-2-dimethvlamino-1 4^ 
phenviybutan-1-one 




(Ri=R 2 =FU= R 5 = H; R 3 = -Y-(CH 2 ) X -R C ; x = 2; R 6 = -CH 2 -CH 3 ; R 7 = -CH 2 -C 6 H 5 ; X = -NR a R b ; 
Ra = R b = -CH 3 ; Y= -S-; R c = ZCF 2 (-0-C 2 F 4 ) p -(CF 2 ) q - with p = 0, q = 5, Z = F) 

8.9 g (15.6 mmol ) 2-Dimethylamino-1-[4-(^ 

phenyl]-2-dimethylamino-butan-1-one are dissolved in a 100 ml flask in 20 ml methyleth- 
ylketone and heated to 50°C, 3.78 g Benzyl bromide are added and the solution is stirred for 
5 h at 50°C. 0.7 g sodium hydroxide are added as solid particles and the mixture is stirred for 
further one and a half hours. After work-up with water and methylethylketone the brownish 
oil is dissolved in a mixture of hexane and acetic acid ester (20 : 1), filtrated in fractions over 
a silica gel layer and dried. 5,8 g are obtained as a waxy substance. 

Elemental analysis for C2 7 H 2 6Fi3N0 2 S: 





%C 


%H 


%N 


%S 


%F 


calc: 


49.17 


3.97 


2.12 


4.86 


37.45 


found: 


49.32 


4.06 


1.97 


4.96 





The starting materials are prepared as follows: 
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a) 2-Dimethvlamino-1-r4 ^^ 
tan-1-one 

18.76 g (31 mmol ) 2-Bromo-1-[4-(3,3,4,4A5,6, 6,7,7,8^ 

tan-1-one and 6.4 g K 2 C0 3 are heated to 50°C in a 350 ml flask. 1 .82 g Dimethylamine gas 
are fed into the mixture for 10 minutes and the suspension is stirred for 2 h at 50°C, 1.0 g 
Dimethylamine gas are again introduced into the mixture for 10 minutes. The reaction mix- 
ture is worked up with water and methyiethylketone after stirring for 1 h at 50°C. The oily 
liquid is dissolved in a mixture of hexane and acetic acid ester (3 :1) and purified with silica 
gel over a Flash column. 8.9 g of a black oily liquid are obtained. 

b) 2-Bromo-1-r4-(3.3A4.5,5,6.6^ 

16.7g (31 mmol) 1-t4-(3 > 3 > 4,4 > 5 l 5 J 6,67,73,8 l 8-Tridecafluoroctylthio)-phenyl]-butan^ 
are dissolved in 50 ml methylene chloride. 10 drops or chlorosulfonic acid are added and 
4.95 g (31 mmol) bromine are dropped to the mixture within 15 minutes. After stirring the re- 
action mixture for 3 hours at room temperature the solvent is removed. 19.0 g of a black 
residue are obtained. 

Example 13 

Curing of a UV/thermallv curable system (Dual Cure) 

A "dual cure" clear lacquer is prepared by mixing the following components: 

21.1 parts hydroxy functional polyacrylate (Desmophen® LS 2009/1 , Bayer AG); 

32.3 parts isocyanurate based urethane acrylate, 80% in butyl acetate (Roskydal® FWO 
251 8C, Bayer AG); 

0.3 parts flow improver, 10% in Xylene (Baysilone® OL 17, Bayer AG); 

0.3 parts flow improver (Modaflow®, Monsanto); 

26.0 parts 1-methoxy-2-propanol, (Fluka Chemicals); 

0.5 parts flow improver (Byk® 306, Byk-Chemie); 

1 1 .2 parts urethane acrylate with isocyanate groups (Roskydal® FWO 2545 E, Bayer 

AG). 
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The samples are prepared by adding 2% of the photoinitiator 1 -{4-[2- 
((3,3,4,4,5,5,6,677,8,8,9,9,10,10^ 
phenyl}-2-hydroxy-2-methyl-propan-1-one (Example 7). 

The mixture is applied to a white coil-coat aluminum, air-dried for 5 minutes at room tem- 
perature and heated for 10 minutes on a hot plate at 80 °C. The irradiation is carried out by 
using a UV-processor (Hg medium pressure lamps, 2x120 W/cm) at a belt speed of 5 m/min. 
A tack free dry film with a thickness of approximately 40 n is obtained. 45 Minutes after cure, 
the pendulum hardness according to Konig (DIN 53157) is determined. The Surface energy 
of the coating is determined by measuring static water contact angle (9) using a contact an- 
gle measuring system G10 from Kruss (KrQss User Manual, Drop Shape Analysis, Kruss 
GmbH, DE-Hamburg 1997) The higher the values of the pendulum hardness measurement, 
the harder is the cured surface. The higher the contact angle, the better is the moisture re- 
sistance and scratch resistance. 



Initiator 


Pendulum Hard- 
ness 

[sec] 


Water Contact Angle 

e 


2%DAROCUR1173 


85 


81 


Photoinitiator from Ex. 7 


88 


87 



Example 14 

Curing of a UV/thermally curable system (Dual Cure) 

A "dual cure" clear lacquer is prepared by mixing the components from Example 13. The 
samples are prepared by adding 2% of the photoinitiator 2-benzyl-2-dimethylamino-1-[4- 
(S^^^^^^^J.T^^.S.gjO^O^O-heptadecafluorodecylthio^phenyll-butan-l-one from 
Example 11 . The "dual cure" step of the mixture and the determination of the pendulum 
hardness and. contact angle is carried out in a manner analogous to Example 13. 



Initiator 


Pendulum hard- 
ness 
[sec] 


water contact angle 0 


2% IRGACURE 369 


90 


80 


2% from Example 1 1 


76 


89 
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Claims 

1 . A process for the preparation of coatings which is characterized in that a composition 
comprising 

a) at least one polymerization initiator of the formula 

R3 ~Q^ s 4 Lx (,) ' 

R 4 R 5 

wherein in embodiment (1) 

X represents the terminal groups R a O- or R a R b N-; and one or two of 

Ri - R 5 represent substituents selected from the group consisting of Rc-, R c -Y- f 
R C -Y-(CH 2 ) X -, R C -(CH 2 ) X -Y-, Rc-Y-(CH 2 VO-, R c -Y-(CH 2 ) y -S- and 
Rc-Y-(CH 2 )y-NR 8 s and the other - R 5 represent hydrogen or substituents 
selected from the group consisting of d-C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 a!kyl, 
Ci-C 4 alkoxy, hydroxy-C 2 -C 4 alkoxy, halogen, amino and di-Crdalkylamino; or 

wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of Rc-Yr, 

Rc-(CH 2 ) X -Yr, R c -Y-(CH 2 ) y -0- and R c -Y-(CH 2 ) y -NR 8 -; and 

Ri - R 5 represent hydrogen or substituents selected from the group consisting of 
C r C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 alkyI, C r C 4 alkoxy, hydroxy-C 2 -C 4 a!koxy, 
halogen, amino and di-C r C 4 alkylamino; or 

wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of Rc-Yr, 

Rc-(CH2)x-Yr, R c -Y-(CH 2 ) y -0- and R c -Y-(CH 2 )y-NR 8 -; and one or two of 

Ri - R 5 represent substituents selected from the group consisting of R c -, R c -Y-, 
Rc«Y-(CH 2 ) x -, R C -(CH 2 ) X -Y-, Rc-Y^CH^y-O-, R c -Y-(CH 2 ) y -S- and 
R c -Y-(CH 2 ) y -NR 8 -;and the other R A - R 5 represent hydrogen or substituents 
selected from the group consisting of C r C 4 alkyl, hydroxy, hydroxy-C r C 4 alkyl, 
Gr^alkoxy, hydroxy-C 2 C 4 alkoxy, halogen, amino and di-C t -C 4 alkylamino; and 

wherein in embodiment (1), (2) and (3) 
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R 6 and R 7 independently of one another represent CrC^alkyl, C 2 -C 8 alkenyl, 

C 5 -C 8 cycloalkyl or phenyl-C r C 3 alkyl; or R 6 and R 7 together represent 
C 2 -C 8 alkylene, C 3 -C 9 oxaalkylene or C 3 -C 9 -azaalkylene; 

R a and R b independently of one another represent hydrogen, C r C 12 alkyl or C 2 -C 6 alkenyl; or 
R a and R b together represent C 4 -C 5 alkylene and together with the nitrogen atom 
to which they are bonded form a 5- or 6-membered ring, which may be 
interrupted by -O- or by -N-R 8 -; 

R c represents a linear or branched terminal chain ZCF 2 (-OC 2 F 4 )p-(CF 2 ) q -, wherein 

Z represents -H or -F; one of p and q represents a numeral from zero to twenty 
and the other one a numeral from one to twenty; 

x represents a numeral from one to ten; 

y represents a numeral from two to ten; 

Y represents a bivalent substituent selected from the group consisting of -O, -S-, 

-NR 8 -, -C(=0)-0, -0-C(=0)-, -Si(R 9 ) 2 -, -Si(R 9 ) 2 -0-, -0-Si(R 9 ) 2 ~0- and 
-0-Si(R 9 ) 2 -(CH 2 ) x -; 

Yi represents a bivalent substituent selected from the group consisting of -O f 

-NR 8 -, -0-C(=0)-, -0-Si(R 9 ) 2 , -0-Si(R 9 ) 2 -0- and -0-Si(R 9 ) 2 -(CH 2 ) x -; 

R 8 represents -H or Ci-Ci 2 alkyl; and 

R 9 represents C r Ci 2 alkyl or phenyl; 

and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a 
wavelength from about 200 nm up to the IR domain combined with prior, simultaneous 
or subsequent thermal treatment. 

2. A process according to claim 1 , which is characterized in that a composition 
comprising 

a) at least one polymerization initiator (I), 
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wherein in embodiment (1 ) 

X represents the terminal groups R a O- or R a R b N-; 

Ra in para position of the phenyl ring represents a substituent selected from the 

group consisting of R c -, R c -Y-, Rc-Y-(CH 2 ) X -, Rc-(CH2) X -Y-, R c -Y-(CH 2 VO- and 
R 0 -Y-(CH 2 ) y -S-; and 

Ri, R 2 , R 4 and R 5 represent hydrogen or substituents selected from the group consisting of 

C r C4alkyl, hydroxy, hydroxy-C r C 4 alkyl, C r C 4 aIkoxy and hydroxy-C 2 -C 4 alkoxy; or 
wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of R c -Y,-, 

Rc-fCHak-Yr and R c -Y-(CH 2 ) y -0-; 

Ri - R 5 represent hydrogen or substituents selected from the group consisting of 

CrC 4 alkyl, hydroxy, hydroxy-C r C 4 alkyl, C,-C 4 alkoxy and hydroxy-CrC^lkoxy; or 
wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of R 0 -Y t -, 

MCHzk-Yr and R 0 -Y-(CH 2 ) y -O-; 

R3 in para position of the phenyl ring represents a substituent selected from the 

group consisting of Rc-, Rc-Y-, R 0 -Y-(CH 2 ) X -, R C -(CH 2 ) X -Y-, Rc-Y-(CH 2 )y-0- and 
Rc-Y-(CH 2 ) y -S-; 

Ri, R 2 , R 4 and R 5 represent hydrogen or substituents selected from the group consisting of 
C r C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 alkyl, C r C 4 alkoxy and hydroxy-C 2 -C 4 alkoxy; 
and 

wherein in embodiment (1), (2) and (3) 

Ra, R 7 . Ra, Rb. Rc, x, y, Y, Y, are as defined in claim 1; 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; is applied to a support and cured as described in claim 1. 



3. A process according to claim 1, which is characterized in that a composition comprising 
a) at least one polymerization initiator (I), wherein 



WO 02/40602 PCT/EP01/13130 

- 58 - 



wherein in embodiment (1) 

X represents the terminal groups R a O- or R a RbN-; and 

R 3 in para position of the phenyl ring represents a substituent selected from the 

group consisting of Rc-(CH 2 ) X -Y- or R c -Y-(CH 2 ) y -0- and 
the other R 1f R 2 , R 4 and R 5 represent hydrogen 

wherein in embodiment (2) 

X represents a terminal group R c -Y ri and 

Ri - Rs represent hydrogen; or 

wherein in embodiment (3) 

X represents a terminal group R c -Y r ; and 

R 3 in para position of the phenyl ring represents a substituent R c -Y-(CH 2 )y-0-, and 

the other R 1f R 2 , R4 and R 5 represent hydrogen; and 

wherein in embodiment (1 ), (2) and (3) 

R 6 and R 7 independently of one another are Ci-C 12 -alkyl or benzyl; 

R a and R b independently of one another represent hydrogen or C r Ci 2 alkyl; or R a and R b 
together with the nitrogen atom to which they are bonded form a morpholinyl, 
piperidinyl or piperazinyl ring, 

R c represents a linear or branched terminal chain ZCF 2 (-0-C 2 F 4 ) P -(CF 2 ) q -, wherein 

Z represents -H or -F; one of p and q represents a numeral from zero to twenty 
and the other one a numeral from one to twenty; 

x represents a numeral from one to ten; 

y represents a numeral from two to ten; 

Y and Y1 independently of one another represents a bivalent substituent selected from the 
group consisting of -0-, -S-, - -0-C(=0)- and -0-Si(R 9 ) 2 -(CH 2 ) x -; 

R 9 is C r C 8 alkyi or phenyl; and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or 
additional photoinitiators; is applied to a support and cured as described in claim 1. 



4. A process according to claim 1 , which is characterized in that a composition comprising 
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a) at least one polymerization initiator of the formula r 




wherein in embodiment (1 ) 

X represents the terminal groups R a O- or R a RbN-; and 

R represents a substituent selected from the group consisting of Rc-Y-, 

Rc-Y-(CH 2 ) X -, Rc-(CH 2 ) X -Y-, R c -Y-(CH 2 ) y -0-, R c -Y-(CH 2 ) y -S-; and 
R c -Y-(CH 2 ) y -NR 8 -;or 

wherein in embodiment (2) 

X represents a terminal group selected from the group consisting of Rc-Y r> 

R c -(CH 2 ) X -Y r or R c -Y-(CH 2 )y-0- ; and 

R represent hydrogen or a substituent selected from the group consisting of 

C r C 4 alkyl, hydroxy, hydroxy-C 2 -C 4 aIkyl, C r C 4 alkoxy, hydroxy-C 2 -C 4 alkoxy; or 

wherein in embodiment (3) 

X represents a terminal group selected from the group consisting of R c -Y r , 

R<r(CH 2 ) x -Y r or R c -Y-(CH 2 ) y -0-; and 

R represents a substituent selected from the group consisting of R c -Y-, 

R C -Y-(CH 2 ) X -, Rc-(CH 2 )x-Y-, R<rY-(CH 2 ) y -0-, R c -Y-(CH 2 ) y -S- and R C -Y-(CH 2 VNR 8 -; 
and 

wherein in embodiment (1), (2) (3) 
Re, R7, Rs» R9 are as defined in claim 1 , 
R a , Rb and R c are as defined in claim 1 , 
x and y are as defined in claim 1 , 
Y and Y1 are as defined in claim 1 ; and 

b) polymerizaible, ethylenically unsaturated compounds; and, optionally, as further compo- 
nents; a thermally crosslinkable compound; and/or further additives; and/or additional 
photoinitiators; 

is applied to a support and cured as described in claim 1 . 
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5. A process according to claim 4, which is characterized in that a composition comprising 

a) at least one polymerization initiator of the formula I" as defined in claim 4; and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, further additives; 
and/or additional photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the ,IR domain, provided that the compound of the formula 



is excluded. 

6. A process for concentrating a surface-active photoinitiator in the surface of coatings 
which is characterized in that a composition comprising 

a) at least one polymerization initiator (V) 9 as defined in claim 4; and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, as further 
components; a thermally crosslinkable compound; and/or further additives; and/or additional 
photoinitiators; is applied to a support and cured as described in claim 1 . 

7, A process for concentrating a surface-active photoinitiator in the surface of coatings 
which is characterized in that a composition comprising 

b) a) at least one polymerization initiator (P), as defined in claim 4; and 

b) polymerizable, ethylenically unsaturated compounds; and, optionally, further additives; 
and/or additional photoinitiators; 

is applied to a support and cured by irradiation with electromagnetic radiation of a wave- 
length from about 200 nm up to the IR domain, provided that the compound of the formula 




CH 



O 




is excluded. 
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8. A process according to claim 1, which is characterized in that the composition comprises 
as further component 

c) at least one thermally crosslinkable compound containing at least one double bond; 

and the curing is carried out by irradiation with electromagnetic radiation of a wavelength 
from about 200 nm up to the IR domain combined with prior, simultaneous or subsequent 
thermal treatment. 

9. A process according to claim 8 f which is characterized in that the thermally crosslinkable 
compound c) is a binder based on a composition of a polyacrylate with melamine or a 
melamine derivative, or a composition based on a polyacrylate polyol and a polyester 
polyol with an unblocked polyisocyanate or polyisocyanurate or a polyester polyol with an 
unblocked polyisocyanate or polyisocyanurate. 

10. A process according to claim 1, for the preparation of pigmented and non-pigmented 
surface coatings, powder coatings, composites and glass fiber cable coatings. 

1 1 . A coated substrate that is coated on at least one surface with a composition according to 
claim 1. 



12. A polymerization initiator of the formula (P) as described in claim 4 provided that the 
compound of the formula 




is excluded. 
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13. A polymerization initiator of the formula Y according to claim 12, selected from the group 
consisting of: 




wherein n represents a numeral from 3 to 20. 



14. A polymerization initiator of the formula r according to claim 12, selected from the group 
consisting of: 




15. A composition comprising 

a) at least one polymerization initiator (I 1 ), as defined in claim 4; and 
claim 4, provided that the compound of the formula 
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CH 3 O 

HO ) " ^y-OCH 2 CH 2 0 2 C(CF 2 ) 7 F 



CH 3 ' 

is excluded; and 

b) polymerizable, ethylenically unsaturated compounds. 

16. A composition according to claim 15, further comprising as optional components 

c) at least one thermally crosslinkable compound; 

d) further additives; and 

e) additional photoinitiators. 



17. A method for improving the flow of a curable composition on the substrate to which it is 
applied, which method comprises adding to the curable composition at least one com- 
pound of the formula I as defined in claim 1 . 
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